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ABSTRACT
REEXAMINATION OP THE PURCHASING POWER PARITY: A TWO-SECTOR
MODEL APPROACH
by
Jamal Nahavandi
University of New Hampshire, December, 1990
For nearly a century, economists have debated the
choice of appropriate prices in the empirical examination of
the purchasing power parity (PPP) of exchange rate
determination.

The conventional price indices suffer from

bias in measurements caused by the varying aggregation
methods employed in different countries.

The absence of

uniform price indices across countries tends to frustrate
empirical probing of the purchasing power parity theory.
The problem is exacerbated by including non-traded goods in
the composition of the conventional price indices used to
test the PPP.
In this thesis, the problem of the 'index-numbers' is
overcome by creating a unique set of price indices.

These

price indices are based on the purchasing power parity
conversion factors obtained from the outcome of a joint
project undertaken by the Organization for Economic
Cooperation and Development (OECD) and the European
Statistical Office (EUROSTAT) in 1985.
Using the total economy (aggregate) and the tradablegoods versus nontradable goods (sectoral) prices , the

conventional and the proposed modified purchasing power
parity-based models of exchange rate determination are
tested.

The data are quarterly and for most of the

currencies tested, they range from the first quarter of 1973
to the second quarter of 1988.

Five bilateral exchange

rates, four involving the Dollar rates and one the Pound
rate are empirically examined.
Because of the endogeniety of prices and exchange rate,
the instrumental variables technique is applied to all
models.

The results are supportive of the sectoral approach

and the tradable-goods hypothesis formulation of the
purchasing power parity theory.

To investigate the effect

of structural change on the exchange rate behavior, the
basic purchasing power parity models are modified to include
the relative internal price ratio.

The results support the

notion that, in the long-run, purchasing power parity is
essentially a monetary phenomenon.

As expected, internal

price variations caused by real economic fluctuation do not
alter the outcome of the models tested.

CHAPTER 1
INTRODUCTION
Adoption of the floating exchange rate regime in the
early 1970s has elevated interest in exchange rate modeling.
Among the competing theories of exchange rate determination,
the purchasing power parity (henceforth the PPP) has had the
most intuitive appeal to both government officials and
economic researchers since the classical writings in the
nineteenth century.1
In its 'absolute' or strong version, the PPP specifies
the bilateral equilibrium exchange rate as the ratio of
price levels between the home and the foreign country.2
Expounded more simply, the absolute PPP asserts that the
equilibrium exchange rate is over time determined by the

1 An alternative theory of exchange rate determination is
the balance of payments approach, which emphasizes the role of
current and capital accounts imbalances as the determinants of
exchange rate.
This school differs from
purchasing power
parity and the pure quantity theory in its assumption of the
chain of causation.
The balance of payments, position
specifies the link going from the real factors to the balance
of trade to the exchange rate and the domestic prices.
For
example, a trade deficit will cause the exchange rate to
depreciate which in turn raises the price of imports and the
domestic price level.
For a discussion of the balance of
payments theory of exchange rate see Humphrey 1983, pp. 137154, and F.L. Rivera-Batiz and L. Rivera-Batiz (1985), Chapter
14.
2 Henceforth, the exchange rate is defined as the dollar
per unit of foreign currency ($/unit of foreign currency).

purchasing power of currencies at home and abroad.3
Prerequisites for the absolute PPP to hold include zero
transport costs and the absence of trade impediments; two
assumptions that despite the innate simplicity of the
theory, have generated a considerable controversy.
The 'relative' or weak version of the PPP modifies the
theory by stating that, a proportionate change in the
relative price levels - approximated by various price
indices - at home and abroad is matched by a proportionate
change in the equilibrium exchange rate.

An increase in

relative inflation rate differential at home will increase
the demand for imports (and reduce exports), thus causing
the home currency vis-a-vis the foreign money to depreciate
(i.e., an increase in the rate of exchange).4
3 Closely related to the theory of Purchasing Power
Parity is the area of national income accounts comparisons and
the Purchasing Power Parity conversion factors.
In this
context, the PPP refers to a number of home currency units
required to purchase one currency unit's (usually $) worth of
a basket of goods in the base country (usually the U.S.). In
actuality, the equilibrium exchange rate and the purchasing
power of a currency often diverge considerably due to trade
barriers and price rigidities as well as differences in
productivity and income level between countries.
4 In what is known as the Bresciani-Turroni critique, it
is argued that the relative PPP is theoretically correct only
in the case of monetary but not real shocks.
Obstacles to
trade will only increase the supply price of the exports,
which, if similar between the two countries, will leave the
relative prices and the equilibrium exchange rate unaffected.
Bresciani-Turroni concluded that in the long-run,
pure
monetary disturbance will not affect the non-PPP (real)
determinants of the equilibrium exchange rate.
However, in
the case of real disturbances which affect the output and the
terms of trade, the equilibrium exchange rate may deviate from
the PPP permanently.
For reference to Bresciani-Turroni
2

In contrast to the experience of flexible exchange
rates in the 1920s, when applied to the 1970s and the 1980s
data, empirical tests of the PPP are inconclusive and
generally non-supportive of the theory.5 Yet, despite the
inconsistency of the empirical results, the position of the
purchasing power parity theory as a model of exchange rate
determination remains strong.

This longevity is primarily

due to the theoretical simplicity and intuitive appeal of
the purchasing power parity theory.

Intelligence about the

long-run equilibrium rate of exchange is invaluable to
government officials and central bankers to coordinate
fiscal and monetary policies at home and internationally,
purchasing power parity also provides guidelines in policy
formulations concerning the currency alignments among major
trading partners and the international settlements that
require the real income comparisons.

Moreover, the PPP

exchange rate allows for a more meaningful comparison of the
national income account statistics.6
critique of the PPP theory see Humphrey 1983, pp. 183-84 and
the references there.
5 For a reference see Frenkel 1981, pp. 145-65.
6 Often, national income comparisons based on the nominal
exchange rate conversions are meaningless since they ignore
the actual purchasing power of currencies within and across
countries.
For example, one U.S. Dollar may officially
exchange for 150 Yen. However, this rate of exchange says
nothing about the actual buying power of one Dollar and 150
Yen in the respective countries.
In contrast, when PPP
exchange rates are used, the national income accounts
statistics for each country are expressed at a fixed set of
international prices so that the country comparisons reflect
3

Central to the empirical tests of the purchasing power
parity is the selection of the appropriate price indices.
For the absolute PPP to hold, the law-of-one-price requires
that commodities included in the price index be homogeneous
and with equal expenditure weights across countries7.

In

reality, these conditions are rarely met, leading to what is
known as the 1index-number1 problem.

Inconsistent product

mix and expenditure shares as well as differences in the
aggregation methods across countries have often been cited
as the primary cause of imprecision in the verification of
the PPP.
One area of contention in testing the purchasing power
parity is the inclusion of non-traded goods in the
calculation of price indices.8

It has long been argued

that the law-of-one-price should only be applied to goods
that are subject to the international competition and
regarding the use of aggregate price indices as
only the volume differentials of goods and services produced.
For a discussion see Organization for Economic Cooperation and
Development, National Accounts. Main Aggregates. Volume I,
(Paris: OECD 1960-84), pp. 122-23.
7 In addition, for the law-of-one-price and the absolute
Purchasing Power Parity to hold, zero transport costs and
absence of trade barriers are assumed.
However, BrescianiTurroni has demonstrated that trade impediments can affect the
relative purchasing power parity only if they are more severe
in one country than the other and real as opposed to pure
monetary shocks are present.
For reference to BrescianiTurroni critique see Humphrey 1983, pp. 183-84.
8 For an extensive discussion of the tradable-goods
prices and the Purchasing Power Parity see Officer 1986,
pp.159-182 and Frenkel 1981, pp. 45-65.
4

inappropriate.9

If the proposition of perfect substitution

of goods across national boundaries is rejected, then the
distinction between tradable and nontradable sectors will
have notable implications with respect to the purchasing
power of national currencies and the equilibrium exchange
rate.

For example, a decrease in the relative price of

traded to non-traded goods at home compared with the foreign
country will decrease the demand for imports (increase
exports), thus causing an appreciation of the home currency.
In an attempt to address the issue of the 1indexnumber' problem and also account for the role of relative
sectoral prices, this dissertation focuses on the creation
of a unique set of price indices using the two-sector
economy approach.

Based on the type of expenditure, the

economy will be divided into two sectors:

(1) the 'exposed'

sector, the goods and services of which may be traded
internationally, and (2) the 'sheltered' sector in which
goods and services are not susceptible to international
price competition.10 Using final expenditure categories
9 For a discussion of the Law-of-one-price see Richardson
1978, pp. 341-351.
10 It is important to recognize that the differentiation
between traded and non-traded goods is a non-static process.
There are many goods and service which are traditionally not
traded but have potential to enter the international markets
if their relative price vis-a-vis the traded goods or the
technology governing their distribution and consumption is
changed.
For example, with improvements in communication
technology it is possible to market conference facilities to
geographically apart organizations or set up an office in
Ireland to handle insurance claims in the U.S. The author is
5

from the Organization for Economic Cooperation and
Development (OECD) National Income Accounts statistics, the
quarterly sectoral price indices that are internationally
conceptually uniform are constructed.

This consistency of

the data is particularly important because it can link the
OECD's National Income Accounts statistics with the results
of the 1985 landmark joint project conducted by the European
Statistical Office (Eurostat) and the OECD on the purchasing
power parity.

These uniquely constructed price indices are

then used to test the original purchasing power parity and
the basic PPP-based monetary models as well as their
proposed modified 'tradable-goods' hypothesis formulations.
The period covered in this dissertation spans from the first
quarter of 1973 through the second quarter of 1988 with
minor variations for the exchange rates involving the French
Franc.
The organization of the dissertation is as follows:
The chronological development of the purchasing power parity
theory, beginning with the sixteenth and the seventeenth
century Spanish and English writings through the early
twentieth century contributions of Gustav Cassel are
reviewed in Chapter Two.

The role of PPP in the

also aware that one may order live Maine lobster
to be
delivered overnight anywhere in the world. However, despite
these aberrations, one can make a reasonable case for the
services and construction activities as non-tradable whereas
most household goods and machinery and equipment even if not
traded are not permanently immune from world price pressures.
6

contemporary literature, along with the theoretical building
blocks of the monetary models of the exchange rate
determination are also discussed in Chapter Two.

The

existing empirical evidence on the purchasing power paritybased models are briefly reviewed and summarized in Chapter
Three.

This chapter also includes both the short-run and

the long-run tests of the PPP as well as the Keynesian and
the Chicago-type monetary models of exchange rate
determination.

The review of the literature on the

appropriateness of the tradable-goods hypothesis and the
two-sector model approach in testing the purchasing power
parity theory is carried out in Chapter Four.

A historical

evaluation of the tradable-goods purchasing power parity
hypothesis models, both in the original non-monetary and the
monetary formulations are presented in the third section
Chapter Four.

Chapter Five is devoted to the empirical

implementation of the testable PPP-based models.

A summary

of the models to be tested is presented in the first
section.

The role of prices in testing the purchasing power

parity models is addressed in section two of Chapter Five.
The methodology of creating the proposed unique set of
sectoral price indices based on the results of the OECDEUROSTAT project is discussed in the last section of Chapter
Five.

Chapter Six is entirely devoted to the presentation

and discussion of the empirical results of the models
examined in Chapter Five.

Concluding remarks and future
7

research opportunities in the area of purchasing power
parity and the problem of 'index numbers' are addressed in
the last chapter.

8

CHAPTER 2
THE PURCHASING POWER PARITY THEORY IN A HISTORICAL
PERSPECTIVE
l. Introduction
The purchasing power parity theory of exchange rate
determination has a unique place in the history of economic
theory.

It is one of the oldest surviving theories that has

endured

debate.

The historical development of the

purchasing power parity theory, from its early inception to
present, is traced in this chapter.

A brief review of the

original thoughts on the PPP in the sixteenth century Spain
through the nineteenth century 'bullionist' controversy in
England is presented in section Two.

The writings of Gustav

Cassel, that are closely associated with the modern notion
of the PPP and the early twentieth century floating exchange
rates experience, is examined in section Three.

The Fourth

section is devoted to the contemporary literature on the
purchasing power parity theory.

These topics include the

long standing interest in the PPP as a policy instrument in
areas of managed float and the spatial-commodity arbitrage
relationship.

The last section reviews the theoretical

foundations of the PPP-based modern monetary models of
exchange rate determination.

2.

Earlv History of the Purchaeinq Power Parity

2.1. Sixteenth through Sayantaanth Cantury Spanish and
English Contributions
In the history of economic ideas, the genesis of the
purchasing power parity theory coincides with the early
thoughts on the quantity theory of money.

The earliest

international comparison of relative price levels and the
purchasing power parity theory of exchange rates appears in
the writings of the Salamanca University scholars in
sixteenth century Spain.11

The emergence of Spain as a

maritime power and the discovery of the 'new world' led to
an influx of precious metals and consequently to a rapid
price inflation.

Increased quantities of gold and : ilver in

circulation raised the general price level, hence deterio
rating Spain's balance of trade and exchange rate.

This

turbulent period provoked interest in the monetary theory
and the early thoughts on the role of national price levels
in determining the rate of exchange between currencies.

In

1556, Azpilcueta de Navarro perceptively wrote:
. . .other things being equal, in countries where
there is a great scarcity of money, all other
saleable goods . . .are given for less money than
where it is abundant . . .12

11
For a reference to the early Spanish writings on
Purchasing Power Parity see Officer 1982-a, pp. 30-33.
12 Quoted by Grice-Hatchinson 1978, p. 104.
10

In linking the quantity theory to exchange rate
determination, Domingo de Banez in 1594 wrote,
. . in pxaces where money is scarce, saleable
goods will be cheaper than in those where the
whole mass of money is bigger . . The conclusion
is clear.
Since the primary end for which money
was ordained is the purchase of goods, it follows
that wherever money is more highly esteemed for
this purpose it may be exchanged for a larger sum
than where it is less so.13
According to Officer (1982-c), Gerrard de Halynes
developed the purchasing power parity theory independent of
the Salamancan School in 19th century England.

Malynes

described his notion of the relation between money stock and
the price level as he wrote,
" . . plentie of money beyond the seas maketh the price of
the exchange to rise, and scarcitie of money likewise beyond
the seas maketh the price to fall . . . ."14

2.2. Swedish and French Bullionist Period
Prior to the nineteenth century bullionists debate in
England, Christiernin, an eighteenth century Swedish
economist, had already developed the purchasing power parity
theory during Sweden's free floating exchange rate regime
(1745-1777).

Fluctuations in the exchange rate coupled with

the domestic hyperinflation had required a better

13 Quoted by Grice-Hutchinson 1952, pp. 57-58.
14 A Treatice of the Canker of England's Commonwealth,
(1601) cited in Officer 1982-c, p. 257.
11

understanding of the currency's price determination by
Christiernin, whose works went unrecognized until their
translation to English in 1963.15

Christiernin is placed

among the 'bullionists' because, he saw the causality
running from the money stock to the relative aggregate price
levels and finally to the depreciation of domestic currency.
The line of reasoning that "has been the hallmark of the
monetary approach ever since."16
It is worth noting that during this period the issue of
price inflation and its sources had become a controversial
subject between the bullionists and the proponents of the
balance-of-payments theory of exchange rate.17 According
to the bullionists, rapid relative growth of the domestic
money stock was the primary source of inflation and currency
depreciation whereas the balance-of-payment theorists blamed
high price of imports for the rising domestic general price
level and the exchange rate depreciation.
Similar conditions that had led to the emergence of the
quantity theory of money and exchange rate determination in
eighteenth century Sweden also prevailed in France.

A

common denominator among the French and the Swedish writers
in this period was that both groups did not consider the
role of foreign prices in their development of the
15 Eagly 1963, pp. 625-36.
16 Humphrey 1983, p. 168.
17 ibid.. pp. 168-169.
12

purchasing power parity theory.

On this point Officer

(1982-a) wrote: "Mosneron's PPP analysis has the same
deficiency as that of the Christiernin.

Only domestic, and

not foreign, commodity prices are incorporated in the
analysis. "18

2.3. Eighteenth and Nineteenth Century English Bullionist
Period
Wars and decline in productivity forced England, like
other European countries, to abandon the gold standard and a
fixed exchange rate regime and to introduce the use of an
inconvertible paper currency; the era became known as the
'Bank Restriction Period'.

Rapid growth of money supply

during the Napoleonic Wars resulted in inflation and
therefore the depreciation of the English currency.

This

experience gave rise to the bullionist controversy in
England.

Unlike the earlier Swedish and French writers,

some English bullionists had managed to clarify the causal
connection between the quantity of money and the exchange
rate through the domestic price level or what became known
as the purchasing power parity theory.

Crude index-numbers

were developed to measure changes in the price levels
overtime.
Wheatly (1807) was the first English economist who
formally used index-numbers and discussed the concept of
18 Cited in Officer 1982-a, pp. 43.
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price-level in relation to the quantity theory and the
PPP.19

Wheatly presents a complete two-country formulation

of the purchasing power parity theory in that he does not
(implicitly or explicitly) take foreign price level as
constant.20

Although Wheatly gave prominent role to the

quantity of money and the price level in determining the
exchange rate, he left room for an error-term, accounting
for "other influences that inhibit an exact relationship"21
to hold between the exchange rate and the price levels.
David Ricardo on this issue is placed among the
monetarists as he rejected the notion that in the long-run
the real factors are responsible for the movements in the
exchange rate.

However Ricardo acknowledged that, at least

in the short-run, non-monetary factors such as wars and crop
failures, when they affect the real income, can influence
the demand for money and therefore the exchange rate.22
Blake (1810) is another English bullionist, who has
notable contributions in distinguishing between the nominal
and the real exchange rates.

According to Blake, the real

exchange rate is the long-run equilibrium rate that is
19 Cited in Officer 1982-a, pp. 56.
20 Earlier formulation of the Purchasing Power Parity
assumed the foreign price to be fixed tc the world bullion
price of commodities, hence making the exchange rate equal to
the domestic price level, i.e. s-p.
For a discussion see
Officer 1982-a, p. 57 and Humphrey 1983, p. 170.
21 Cited in Officer 1982-a, p. 59.
22 Humphrey 1983, p. 171.
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determined by the real terms of trade between the two
countries.

Blake acknowledged that the monetary factors

affect the nominal exchange rate, whereas the real exchange
rate is influenced by the real factors.23

Blake, however,

differs from the strict bullionists as he considered real
factors along with the monetary changes influencing the
exchange rate in the short-run.24

3. The contribution of Gustav Caasel
The name Gustav Cassel in economic literature is
synonymous with the purchasing power parity theory of
exchange rate.

In addition to his Swedish publications,

between 1916 and 1936, Cassel wrote solely and co-authored
more than twenty-five articles in English which gave him
more exposure in the economic profession.25

Unlike the

bullionist writers, who were more concerned with the
domestic prices, Cassel's writings took place under the
disruptive conditions associated with World War I.

To

Cassel, the rate of currency exchange based on the pre-war
relative prices and economic conditions could not be applied
to determine the post-war exchange rates.

Cassel adhered to

the quantity theory of money as the most important
23 Cited in

Officer 1982-a, pp. 63-4.

24 Humphrey 1983, p. 171.
25 For a review of Cassel's writings see Officer
(1982-a), Chapter 8 and Frenkel 1982, pp. 246-50.
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explanation of inflation, while holding output and money
velocity constant.

Unlike his predecessors, Cassel not only

was aware of the price level and index-numbers., but he
successfully introduced them into the empirical tests of his
theory.26

Cassel developed two versions of the purchasing

power parity theory: the 'absolute' version and the
'relative' version.
The absolute purchasing power parity theory is based on
the assumption that the value of a currency is determined by
its domestic buying power.

The long-run equilibrium

exchange rate between two currencies is determined by their
respective internal purchasing power or the quotient of the
two price levels.

Cassel rejected the balance of payments

theory of exchange rate determination.

He argued that a

current-account disequilibrium is counter-balanced by the
capital account transfers, leaving total demand for currency
and, therefore, the rate of exchange unaffected.

Cassel

wrote:
High prices within a country will not encourage
imports or discourage exports, as these prices
will be counterbalanced by a low exchange value of
the domestic country's currency, and the
equilibrium balance of trade is maintained.27
Furthermore, Cassel subscribed to the so-called neutrality
theorem as he wrote:

26 ibid. . p. 248-49.
27 Officer 1982-a, p. 94.
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...[the] national price level in a common currency
are independent of the exchange rate, since
exchange rate movement merely reflects, passively,
divergent national price trends. That is of
course, an application of the homogeneity
postulate which holds when money is fully
neutral.28
Cassel's neutrality theorem is strikingly similar to the
David Hume's law-of-one-price.29

The only difference

between Cassel's formulation and that of Hume's is that in
the latter the causality relationship is non-existent,
whereas in Cassel's absolute PPP, the causality goes from
the price level to the equilibrium exchange rate.
The relative version of PPP, which takes account of the
dynamics of the price levels between two countries was also
developed by Cassel, apparently with the aim of empirically
testing its validity.30

Cassel's contends: "...the rates

of exchange should accordingly be expected to deviate from
their old parities in proportion to the inflation of each
country".31
In practice, applicability of both the absolute and the
relative versions of the purchasing power parity has been
28 Quoted in Dorr.busch 1987, p. 95.
The neutrality
theorem postulates any increase in the stock of money in
circulation will simply result in a proportional increase in
the price
level,
leaving the real economic variables
unaffected.
29. For a historical review of the international trade
theories and the Monetary Theories of Balance of Payments see
Allen (1965).
30 See Officer (1982-b) .
31 Quoted by Officer 1982-a, p. 97.
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controversial.

One area of contention is the systematic

deviation of the exchange rate from its parity.

Balassa

(1964) has provided an overview of the difficulties
associated with applying the absolute PPP in an intercountry
comparison of the purchasing parities and the exchange rate.
According to Balassa, international productivity
differentials are greater in the sectors producing traded
goods.

Coupled with the assumption of wage equalization

across sectors, Balassa argues that the price of non-traded
goods tends to be higher in the more advanced economies.
Thus Balassa wrote:
since services [nontraded sector] enter the
calculation of purchasing-power parities but do
not directly affect exchange rates, the purchas
ing-power parity between the currencies of any two
countries, expressed in terms of the currency of
the country with higher productivity levels, will
be lower than the equilibrium rate of exchange.32
Neary (1988) has extended the productivity differential
hypothesis and deviations from PPP to the determination of
real exchange rate.

Neary wrote:

If international productivity differences are
smaller in the production of nontraded
goods...than in the production of traded
goods,...[then] the higher-income country will
have a higher real exchange rate (a higher
relative price of services),33
Although supportive of the PPP, Keynes (1923), shows
concerns with the theory's over-reliance on the monetary

32 Balassa 1964, p. 586.
33 See Neary 1988, p. 213.
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disturbances and the neglect of other forces affecting the
value of a currency.

Keynes wrote:

If on the other hand these assumptions are not
fulfilled and changes are taking place in the
'equation of exchange', as economists call it,
between the services and products of one county
and those of another, or changes on the relative
efficiency of labor, or changes in the urgency of
the world's demand for that country's special
products, or the like, then the equilibrium point
between purchasing power parity and the rate of
exchange may be modified permanently.34
The passage above suggests that Keynes was in agreement
with the Cassel's position on the effect of real factors on
the equilibrium exchange rate.

Keynes, similar to Cassel,

stressed the effect of the structural change caused by major
events and supply shocks as the primary justification for
exchange rates realignment.

4. Purchasing Power Parity in the Contemporary Literature
From the year 1947 when the Bretton Woods agreement
went into effect until the early 1970s, the movement in
exchange rates was infrequent and discrete.

To maintain a

balanced trade account, central banks occasionally changed
the rate of exchange of their currency vis-a-vis the dollar.
The use of exchange rate as a policy instrument to correct
trade imbalances had added to the predictability of its
movement.

However, one area of discontent with the pegged

exchange rate regime has always been the inability of
34 Quoted by Dornbusch 1985, p. 6.
19

central banks to conduct monetary policies that are
independent and insulated from the actions of other central
bankers.

Trading foreign reserves by central banking

authorities to maintain the exchange rates at their par
value and to correct for trade imbalances often results in
unanticipated changes in the money supply both at home and
abroad.
It was originally expected that the floating exchange
rate regime would bring a greater autonomy to the monetary
authorities with little effect on the stability of exchange
rates behavior.

Unfortunately, the evidence on the

volatility of exchange rates during the 1970s and the 1980s
has been contrary to what the proponents of the flexible
rates regime initially had hoped.

The reinstitution of the

floating rates system has coincided with a large variability
in the effective bilateral and multilateral exchange
rates.35

This experience has shifted the attention of

researchers to the direction of long-run theories of
exchange rate determination.

Attractiveness of the

purchasing power parity theory among practitioners and
theorists stems from the fact that it remains the most
intuitive single explanation of the long-run exchange rate.
In the long-run, national differences in monetary policies

35 For evidence on the exchange rate behavior in 1970s
through early 1980s see Levich 1985, pp. 985-91.
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will lead to national price level differentials which is the
basis of the purchasing power parity theory.
The contemporary literature on the PPP is basically
divided into three general areas:
instrument;

(1) PPP as a policy

(2) PPP as a spatial-arbitrage relationship and

inflation transmission and (3) PPP as the foundation of
exchange rate determination models.

In the remainder of

this section the first two areas will be discussed rather
briefly.

The next section will be devoted to the role of

purchasing power parity in the area of exchange rate
determination, the focus of this thesis.

4.1. Purchasing Power Parity aa a Policy Instrument
The purchasing power parity concept has historically
enjoyed a warm reception among public policy makers and the
business community.

Despite its apparent failure as a

short-run predictor of movements in exchange rates, PPP
enjoys an unfading consensus as a policy tool among
government officials.

Officer (1976) has cited numerous

instances since the 1920s, when various European countries
have employed diverse measures of the PPP to realign
bilateral exchange rates.

In a similar context, McKinnon

and Kenichi (1987) have argued that the PPP will hold for
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the traded goods prices if major trading and financial
partners coordinate their monetary policies.36
The purchasing power parity concept has also been
applied as a policy tool in the determination of actual
overvaluation and undervaluation of currencies.

Houtakker

(1962) , using PPP calculations compiled by the German
Statistical Office concluded that:
...recent figures indicate that the average basket
of commodities bought for $1 in the U.S. would
cost only 3.11 marks in Germany, while the
official exchange rate is four marks to the
dollar. We may say, therefore, that the dollar
was overvalued with respect to the mark by 22 per
cent.37
This approach is particularly useful considering
irreversible structural changes that are brought about by
events such as major wars and the supply shocks, rendering
the determination of exchange rates based on previous
conditions and relative prices inappropriate.
Application of the purchasing power parity has also
entered into the development of common currencies and
economic integration proposals.36

The PPP is widely

supported as an exchange rate management instrument since it
by-passes short-run fluctuations and focuses on the long-run

36 McKinnon and Kenichi Ohno (1987).
37 Houtakker 1962, p. 11.
38 See Thygesen 1978, pp. 301-317.
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determinants of exchange rate.39

Furthermore, the PPP is

often used in comparisons of the national income accounts
statistics between countries.

Because of considerable

short-run deviations of spot rates from their long-run
equilibrium values, when exchange rates are used to convert
the national income accounts statistics, comparison of
economic performances and living standards tend to lose
their meaning.

The United Nations Comparison Project (ICP)

conducted by Kravis, Heston and Summers (1978-b)
demonstrated that compared with high-income countries, the
currency purchasing power parity of low-income countries is
systematically higher than their exchange rates.

Kravis,

Heston and Summers attribute the disparities between the
purchasing power of currencies and their exchange rates to
the presence of non-traded goods which only affect the price
level and not the exchange rate.

Kravis and Lipsey (1990)

applied a set of world average prices to the quantities
comprising each country's national absorption of final goods
for eighty counties included in the ICP.

Kravis and Lipsey

concluded that the purchasing power of currencies suffer
from 20-25 percent margin of error for the low-income and 7
percent for the high-income countries.

To alleviate this

type of disparities, aside from errors in the actual data
collection , for several years the Organization for Economic
Cooperation and Development (OECD) and the European
39 See Vauble 1978, pp. 319-339.
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Statistical Office (EUROSTAT) have been providing
internationally comparable national income statistics using
the PPP conversion factors.40

4.2. Purchasing Power Parity as a Spatial-Commodity
Arbitrage Relationship
The spatial-arbitrage equates the purchasing power
parity theory with the law-of-one-price, that requires that
a commodity may be sold for the same "exchange rateadjusted" price in the two countries.

The absolute PPP

written in the context of spatial-arbitrage for commodity i
is,

Pit = st p*,t

for all i,

[2.1]

where pti (p*t)) is the domestic (foreign) price of commodity
i at time t and st is the same period exchange rate between
the two currencies.

The absolute PPP is a special case of

the spatial-arbitrage, if the relation expressed by Equation
[2.1] can be extended to some measure of an aggregate price
level between the two countries.41

Considering two

aggregate price indices in the two countries P = f(Pj) and

40 For a reference on the methodology and recent study on
the applications of Purchasing Power Parity see Ward (1985)
and Blades and Roberts 1987, pp. 183-97.
41 For the notation that follows see Dornbusch 1985, pp.
2-12.
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p* * g(p,*) , for i * l...n.
parity holds,

The absolute purchasing power

(a) if the relation [2.1] is true for all i,

(b) if good i is identical (homogeneous) across countries,
and (c) if good i has the same expenditure weight in both
indices.

Therefore, the absolute PPP in the context of

perfect commodity arbitrage may be written as,

Pt - st P\,

[2.2]

where Pt = Ewjp<t, p*t = Ew*ip*4t, w 4-w*i and is the expenditure
weight of good i in the domestic (foreign) country.
The prerequisites for Equation [2.2] to hold in the
strict sense are the assumptions of zero transport cost and
the absence of trade impediments.

The perfect commodity

arbitrage has come under a number of attacks, mostly for its
%

stringent assumptions for which the law-of-one-price is
expected to hold.

Katseli-Papaefstratiou (1979) wrote:

the presence of market imperfections is
significant enough to put seriously in question
the validity of perfect commodity arbitrage even
on an individual commodity level...Thus PPP
calculations based on the price of homogeneous
commodities come close to being trivial.42
In contrast, Dornbusch (1985) argues that the trade
barriers do not

cause spatial-arbitrage to fail.

Non-zero

information and transportation costs or obstacles to trade
do not prevent the price of substitutes from closely

42 Katseli-Papaefstratiou 1979, p. 13.
25

trailing each other across countries.

According to

Dornbusch, this price link among tradable-goods (even if
they are not actually traded) provides the absolute PPP with
a 'normative' meaning which is the crux of its survival.
In empirical probing, the transition from the absolute
to the relative PPP involves the use of some form of price
index which inevitably violates the requirement that the
expenditure weights be equal.

Dornbusch (1985) asserts:

"Now PPP can only hold, even in the weak [relative] form if
the conditions of the homogeneity postulate of monetary
theory are justified."43

According to the neutrality

theorem, a purely monetary disturbance which leaves relative
prices unchanged, will cause the price and the exchange rate
to change proportionally.

The relative version of PPP

circumvents the problem associated with market imperfections
by restating the purchasing power parity theory in terms of
relative price levels,

et =

P* - P*t,

[2.3]

where ~ denotes a percentage change.
The spatial-arbitrage hypothesis has been applied to
broad price indices by the monetarists, who assume there
exists a homogeneous good, the price of which is
continuously equalized through perfect substitutability

43 See Dornbusch 1985, p. 5.
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within and among countries.

This extreme monetarist

position has been questioned by Balassa (1961, 1964) and
Dornbusch (1978).

They argue that real internal structural

differences among countries, such as unbalanced sectoral
productivity growth and real wage differentials, will alter
the traded-nontraded goods price, causing the relative
prices to move in different directions among countries.
This phenomenon will lead to a systematic deviations from
the PPP.

Despite these criticisms, the spatial-arbitrage

approach has been the basis for numerous studies, linking
the international transmission of inflation through trade,
both under the fixed and the flexible exchange rate
regimes.44

5. Purchasing Power Parity in the Monetary Models of
Exchange Rats
5.1.

introduction
Literature on the monetary approach to the floating

exchange rate determination can be grouped into major types.
One category is the works emanated from the writings of
Dornbusch (1976) and Frankel (1979), usually known as the
Keynesian or the 'sticky-price' models.

The models which

encompass the body of theoretical assumptions stemming from
44 For a references
Papaefstratiou (1979).

on
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this

topic

see

Katseli-

the writings of Frenkel (1976), Bilson (1978) and Mussa
(1976), make-up the second group of the monetary models,
frequently referred to as the Chicago or the 'flexiblepri.ee' models.
The Keynesian monetary models of exchange rate
determination consider goods and assets markets as separate
entities, with goods prices slow in adjusting to
disequilibrium conditions.

The

primary implication of the

sticky-price assumption is that the spot exchange rate can
deviate from its long-run PPP value, a scenario which
predicts 'overshooting' of exchange rates.

Moreover, the

sticky-price models hold assets as perfect substitutes,
implying that any interest rate differential reflect the
differences in the monetary policies at home and abroad.
With a given price level, a relatively expansionary
monetary policy at home will increase the real money
balances and reduce the nominal interest rate differential.
The higher nominal rates abroad will induce a capital
outflow and a depreciation of the exchange rate above its
long-run equilibrium value.

This line of reasoning hypot

hesizes a negative relationship between the exchange rate
and the interest rate differential.

Frankel (1979) con

siders the sticky-price model as especially appropriate to
cases of small inflation differentials such as the Canadian
float against the United States in the 1950s.45
45 Frankel 1979, p. 610.
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The Chicago model differs from the sticky-price
formulation by its assumption that all prices are perfectly
flexible.

The price flexibility assumption imply that any

change in the inflation expectations in the goods market
will affect the asset prices and interest rates
instantaneously.

Therefore, an increase in the interest

rate differential between the home and the foreign country
indicates a rising relative inflationary expectation at
home.

In contrast to the Keynesian-type models, the

flexible-price monetary models predict a positive
correlation between the exchange rate movements and the
nominal interest rate differential.

A higher in/ iation

expectation at home will dampen the demand for domestic
money (increase the demand for foreign money) and forces a
currency depreciation.

Frankel (1979) considers the

Chicago-type flexible-price models as more appropriate to
the cases of large inflation differential conditions,
similar to the German hyperinflation experience of the
1920s.46

One area of agreement between the Keynesian and

the Chicago-type monetary models appears in their assumption
of assets substitutability.

Efficient markets for assets

with interest rate arbitrage continuously equalize the
returns on assets internationally.
Having outlined the fundamentals of the monetary
models, the remainder of this chapter is organized as
46 ibid.. p. 610.
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follows.

The next section lays out the building blocks of

the sticky-price monetary models.

Specifically, Dornbusch's

nominal interest rate and Frankel's real interest
differential formulations will be discussed.

The chapter

will conclude with a brief exposition of the flexible-price
monetary models including the Bilson's inflation expectation
model and a close variation of it that has been introduced
by Frenkel.

5.2. sticky-Price Monetary Models
The Keynesian or the sticky-price monetary models of
exchange rate determination subscribe to the assumption of
sluggish price adjustments in the goods market.

For this

group of models, due to market imperfections and adaptive
expectations adjustment process, the PPP holds only in the
long-run.

Any monetary policy shift, coupled with sluggish

price adjustments will lead to a proportional change in the
real balances and consequently affect the rate of exchange.
An expansionary monetary action by the central bank will
cause currency depreciation instantly.
The first sticky-price model to be considered has been
introduced by Dornbusch (1976) .47

The starting point is

the covered interest rate parity condition which assumes
perfect global arbitrage in the assets markets,
47 In what follows we try to remain close to
orientation and the notation used by Frankel (1979).
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the

f - i - i*,

[2.4]

where f is the forward exchange discount or premium and i
(i*) is the log of one plus the domestic (foreign) nominal
rate of interest.4®
The next building block is the mechanism by which the short
term exchange rate converges to its long-run equilibrium
value.

The forward exchange rate premium (or discount) is

determined by the gap between the spot and the long-run
equilibrium exchange rates,

f * - *(s -

s),

[2.5]

where s and s are the log of the spot and of the log of the
long-run equilibrium exchange rates respectively49, and the
magnitude of $ measures the speed of adjustment in closing
the gap.

Equation [2.5] suggests that, in the short-run,

the exchange rate is expected to gravitate toward its long-

48 The interest rate parity is the law-of-one-price
applied to financial assets.
This condition assumes that
assets with similar attributes should sell for the same price
everywhere.
Therefore, the forward exchange discount or
premium (defined as the log of forward rate minus the log of
the current spot rate) should be equal to the difference of
the term structure of interest rates on assets between the two
countries.
For example, a higher (lower) relative interest
rate at home would mean that the foreign currency is sold at
a premium (discount).
49. Henceforth,
long-run value.

the variables with a bar represent its
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run value at the rate which is proportional to the
difference between the spot and the equilibrium exchange
rate.*.

Combining Equations [2.4] and [2.5] yield,

i - i* = -$(s - s)

[2 .6 ]

Equation [2.6] restates the deviation of the spot rate from
its equilibrium as proportional to the nominal interest
rates differential.

Any economic policy which increases the

gap between interest rates will induce a capital inflow and
a decline in the rate of exchange (an appreciation).
Moreover, to link the exchange rate determination to the
purchasing power parity theory, the sticky-price monetary
models assume that the PPP holds only in the long-run,

s = p

[2.7]

P /

where p (p*) is the log of the long-run price level at home
(abroad).

To determine price levels for each country, the

conventional money demand functions are used,

m = p + 5y - ni

[2 .8 ]

m = p

[2.9]

+ 5y

- /* l
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where 5 (8*) and ft (ft*) are the income elasticity and the
interest semi-elasticity of demand for money at home and
abroad.50

Higher income will increase the demand for money

whereas higher interest rate will decrease the demand for
money.

For simplicity of the exposition, it is

that 8 = 5 *

assumed

and ft = j**.51 Rearranging Equations [2.8] and

[2.9] in terms of the aggregate price levels, and replacing
money, income, interest rate and price level with their
long-run values and substituting into Equation [2.7] yields
the long-run equilibrium exchange rate,

s =

(m - m*) - 5(y - y*) + ft(i - i*) .

[2.10]

The Dornbusch-type PPP-based monetary model is derived by
substituting Equation [2.10] into Equation [2.6] and by
replacing the long-run money, income and interest rate by
their current values,

s = (m - m*) - 6(y - y*) - (1/* - ft) (i - i*) .

[2.11]

Rewriting Equation [2.11] yields,

50 Interest rate i (i*) is defined as the log of one plus
the domestic (foreign) rate of interest.
51 Frankel (1983) has tested the monetary models, assuming
different income elasticities of money demand at home and
abroad.
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s « (m - m*) - 5(y - y*) - i*(i - i*),

where i* = (1/$ - fi) .

[2.12]

Equation [2.12] succinctly shows the

equilibrium exchange rate as a function of both the domestic
and the foreign money market equilibrium conditions.

An

expansionary monetary policy at home and/or a lower relative
domestic income will cause the exchange rate to depreciate
whereas an increase in the relative interest rates will
induce capital inflow and an appreciation of the currency.
A variation of the sticky-price model is Frankel*s
(1979) real interest rates differential formulation.
Frankel introduced two modifications to the Dornbusch*s
model.

First, he added an expected inflation rate

differential term to the interest parity condition [2.5],

f = - $(s - s) + (x - x*) ,

[2.13]

where x (x*) is the long-run domestic (foreign) rate of
expected inflation.

The first term in Equation [2.13]

defines the short-run deviations of exchange rate from the
equilibrium, whereas the second term pertains to the longrun movements of the exchange rate.

The second modification

considered by Frankel is to replace the equilibrium interest
rate in Equation [2.10] with the expected relative rates of
inflation where

s = s and I - I* = x - x*,
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s * (m - m*) - 6(y - y*) + £ ( x - x*) .

[2.14]

This substitution is justified because in the long-run, the
relative price levels and the exchange rate increase at the
current rate of relative monetary growth, approximated by
the relative inflation differential (x - x*) .52

Replacing

the long-run money and income by their current values in
Equation [2.14] and combining with Equation [2.6] yields
Frankel's real interest rate differential model of the
exchange rate determination,

s = (m - m*) - 5 (y - y*) - l/$(i - i*) + £ ( x - x*) .
[2.15]

Rewriting the Equation yields,

s = (m - m*) - 6(y - y*) - x(i ~ i*) + £(x - t *) ,
[2.16]

where xs l/$*

in Equation [2.16], the effect of interest

rate differential on the spot rate is assumed to be negative
while the inflation rate differential and the spot rate are

52 See Frankel printed in J.S. Bhandari and B. H. Putnam
eds., 1983, p. 90.
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expected to be positively linked.

A higher relative

interest rate at home will increase the demand for domestic
currency, causing the exchange rate to appreciate, whereas a
higher expected inflation will increase the demand for
foreign money and the exchange rate.

5.3. Flexibls-Price Monetary Models
An alternative view of the PPP-based monetary models of
exchange rate determination is the 'Chicago' school or the
flexible-price models introduced in Bilson (1978-a,1978-b)
and Frenkel (1976).

Bilson's fundamental departure from the

'Keynesian' of the sticky-price formulation is the
assumption that the PPP holds both in the short-run and the
long-run,

s = p - P*

[2.17]

As in the earlier case, the money demand equations
represented by Equation [2.8] and Equation [2.9] continue to
explain tt - price levels at home and abroad.

Substituting

Equations [2.8] and [2.9] into Equation [2.17] yields the
Bilson's equilibrium exchange rate model,

s * (m - m*) - 5(y - y*) + n ( i - i*) .
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[2.18]

Contrary to the sticky-price models, Equation [2.18] postu
lates a positive correlation between the interest rate
differential term and the exchange rate.53

According to

this formulation, the relatively higher domestic interest
rate reflect a higher inflation expectations at home.54

An

anticipated higher inflation domestically will cause a
decline in the demand for real money balances at home which
in turn lead to a currency depreciation.
A variation of the Bilson's flexible-price monetary
model is discussed by Frenkel (1976), which differs from the
models reviewed earlier by considering the Cagan-type money
demand functions,

m - p = <5y - £t
m* - p* = 5*y* -

[2.19]

[2.20]

£*t*,

53 In the special case of perfect international flow of
capital or interest and price parities, the exchange rate
depreciation is assumed to be proportional to the relative
inflation rates. Replacing the interest rates differential in
[2.18] with the expected rates of inflation differential gives
Bilson's model as follows,
s - (m - m*) - 6(y - y*) + £(x - x*) .
The key to Bilson's formulation is the selection of an
appropriate proxy for the expected inflation differential.
Equation above is the same as Frankel's model except that the
interest rate differential coefficient is assumed to be zero.
For further discussic . see Frankel 1979, p. 610.
54 The last term in Equation [2.18] may be replace by a
good proxy for the expected inflation.
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where as before, for simplicity of the exposition a uniform
income elasticity and interest semi-elasticity between
countries is assumed.

Solving Equations [2.19] and [2.20]

for the aggregate price differentials and combining with the
PPP Equation [2.17] gives the equilibrium exchange rate
directly,55

s - (m - m*) - 6(y - y*) + £(x - t*) .

[2.21]

Similar to BiIson's model, Frenkel assumes a positive
relation to hold between the expected inflation rate
differential and the exchange rate.

For a given stock of

money, a higher anticipated inflation at home will reduce
the demand for real balances, hence putting an upward
pressure on the price level to maintain money market
equilibrium.56

55 The assumptions of PPP and uncovered interest parity
imply that the interest rate differential is equal to the ex
pected
inflation
differential
hence
providing
the
justification for replacing the former term with the latter in
the flexible-price model.
56 In the literature, the sign of the relative income
varies depending on whether Keynesian 'sticky-price' or
monetary 'flexible-price' assumptions are subscribed to.
Briefly, the Keynesian approach assumes that a higher relative
income will increase the demand for imports, hence increasing
the rate of exchange whereas the monetary position is that a
higher relative income will increase the demand for money and
causes the exchange rate to decrease.
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CHAPTER 3
REVIEW OP EMPIRICAL EVIDEMCE OF PURCHASING POWER
FARITY-BA8ED EXCHANGE RATE MODEL8
l. Introduction
Two sets of empirical evidence on the purchasing power
parity theory are reviewed in this chapter.

The next

section is devoted to the discussion of studies aimed at
directly testing the validity of the absolute and the
relative versions of the purchasing power parity theory.
The works reviewed include those that have examined the
validity of the PPP theory in both the short-run and the
long-run context.

A sample of empirical evidence on the

PPP-based monetary models of exchange rate determination is
presented in section Three.

Among the writings considered

are those that view the PPP as a valid and practical theory
of exchange rate determination in addition to the works that
accept the PPP as a mere expression of the relationship
between relative prices.

2. Empirical Evidence on the Absolute and the Relative
Purchasing Power Parity
Typically, empirical verification of the absolute
version of PPP involves estimation of the following
equation,

s « a + 0(p - p*) + €,

[3.1]

where as before, the lower case letters represent the
logarithm of the variable and e denotes the error term.
The validity of the absolute PPP is confirmed, when, after
correcting for any autocorrelation problem, the price
coefficient, 0, is not statistically different from unity
and the constant term, a, is not statistically different
from zero.

In this case the value of the exchange rate is

equal to the ratio of the price levels, which is the
absolute version of the PPP.

On theoretical grounds, this

specification is justified only in the absence of the indexnumber problem.

However, given the known techniques in

constructing the index-numbers, an empirical test of the
Equation [3.1] is cautiously accepted as a correctly
specified model.

Moreover, the deviations from the absolute

PPP have been tested using a constrained version of the
Equation [3.1], which is the real exchange rate57,

57 For a reference to this specification see KatseliPapaefstratiou 1979, pp. 24-6.
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s -

(p

- *>) - f,

[3.2]

where a and 0 are constrained to have the theoretical values
of zero and unity and e serves as a deviation indicator.
Deviations of the exchange rate which tend to decline over
time, would generate positive (but less than unity) serial
correlation in the error term.

Values of the error term

correlation coefficient, p, close to zero, signifies
temporary drifts from the PPP, whereas persistent
disparities between the exchange rate and the PPP is verifi
ed by the values of p approaching unity.

The latter case is

usually taken as a support for the random-walk hypothesis of
the exchange rate behavior, which assumes that there is no
constant long-run parity level toward which the actual
exchange rate gravitates.

Values of p between zero and one

are consistent with the notion that the adjustment in the
real exchange rate, defined by Equation [3.2] is a timeconsuming process.

This position is challenged by the

proponents of the 'efficient' market hypothesis who argue
that any systematic pattern in the exchange market will
quickly be exploited and eliminated by the arbitrage
process.58

58 For a discussion of the efficient exchange markets see
Frankel in Frenkel, J.A., and H.G., Johnson, ed., 1978, pp. 125.
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The relative version of PPP is specified similarly to
the absolute version in the Equation [3.1], except that it
examines the relationship between changes in the exchange
rate and the price levels,

As = or + /3A(p - p*) + e.

[3.3]

Where A stands for the changes in levels.

The maintained

hypothesis in Equation [3.3] is that, only 0 should be equal
to one.

Use of price indices in Equation [3.3], tests for

the proportionate rates of change which captures the
dynamics of exchange rate movement.
Krugman (1978) assessed the validity of the relative
PPP by estimating Equation [3.3] for several bilateral
monthly exchange rates during the first half of the 1920s
and the early 1970s.

His findings after correcting for the

first-order autocorrelation are presented in Table 3.1.
According to Krugman, the results are weak and the error
term is highly correlated, suggesting the presence of
misspecification problem.

In the 1970s, only the Lira/$

coefficient is equal to one and the problem of serial
correlation remains persistent.

However, the maintained

hypothesis that the relative price co«-_ricient is equal to
unity cannot be rejected for the DM/$ and £/$.
Assuming endogeniety of prices and exchange rate,
Krugman proceeded by applying the instrumental variables
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technique to the model.

His empirical results using a

constant and a time trend as instruments with correction for
autocorrelation are reproduced in Table 3.2.

Compared with

the least squares technique, the instrumental variables
estimation produced consistent improvements in the
coefficient estimates.

In all case the maintained

hypothesis that the price coefficient is statistically not
different from one cannot be rejected.
Frenkel (1980) tested the absolute version of PPP for
Mark/Pound (DM/E), French Franc/Pound (FF/E), Dollar/Pound
($/£) and French Franc/Dollar (FF/$) for the period 1921:2
to 1925:5.

Using the wholesale and the material price

indices and applying the two-stage least squares estimation
procedure, Frenkel found strong support for the PPP in the
1920s.

His results are presented in Table 3.3.

In all

cases except the Dollar/Pound rate when the material prices
are used, Frenkel is unable to reject the hypothesis that
j8=/3*=l.59

In the case of DM/E, when the Cost-of-Living

index instead of the Wholesale Price index is used, the
result is weaker, suggesting a possible price effect of non
traded goods on the performance of PPP.

59 The F-statistics for testing the restriction that
0=/3*=l for F2j48 is 0.53 for the $/£ rate when material prices
is used.
43

Table 3.1
X rugun: Tests of Purchasing Power Parity, Cochrane-Orcutt.
•

s

Period

a

= a + B(p - p#)
0

RRR

Ra

P

1921:2-1923:12
EM/$

-0.398
(0.062)

0.981
(0.007)

0.127

0.9996

0.641

£/$

-0.098
(0.016)

0.719
(0.091)

0.023

0.951

0.794

FF/$

-0.97
(0.054)

1.291
(0.093)

0.044

0.981

0.880

1973:7-1976:12
CH/$

0.109
(0.050)

0.328
(0.373)

0.034

0.552

0.762

Lira/$

0.136
(0.054)

1.101
(0.210)

0.023

0.970

0.921

Swiss Franc/$

-0.107
(0.081)

-0.096
(0.130)

0.036

0.819

0.930

£/$

0.271
(0.155)

0.515
(0.439)

0.028

0.957

0.963

Source.— Krugman 1978 p. 397-407.
Notes: s denotes the exchange rate, axiirane-Orcutt estimation technique
is used to obtain the estimated coefficients. Numbers in parentheses
are asynptotic standard errors.

Table 3.2

Krugmant Tests of Purchasing Power Parity, instrumental
variables.
s = a + 0(p - p*)
s

Period

a

0

RFE

R*

P

£/$

1920:2-1926:12

-0.084
(0.017)

0.856
(0.125)

0.023

0.949

0.781

0.002
(0.057)

1.053
(0.122)

0.046

0.979

0.839

0.089
(0.550)

0.168
(0.427)

0.034

0.550

0.740

Lira/$

0.070
(0.066)

1.651
(0.460)

0.025

0.965

0.896

Swiss Franc/$

0.059
(0.032)

0.817
(0.208)

0.049

0.660

0.554

£/$

0.038
(0.044)

1.405
(0.268)

0.029

0.954

0.833

FF/$

EH/$

1973:7-1976:12

Source.— Krugman (1978).
Notes: s denotes the exchange rate, instrumental variable technique
under the assumption that error terms have first-order serial correla
tion is used. A time trend and a constant were used as instruments.
Numbers in parentheses arc asynptotic standard errors.
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To compare the validity of PPP in the 1970s with the
1920s, Frenkel (1981) presented evidence on the model
described by the Equations [3.1] and [3.3] for the $/£, $/FF
and $/DM exchange rates for the period June of 1973 to July
of 1979.

Applying the instrumental variable technique and

correcting for the serial-correlation, Frenkel concluded
that the purchasing power parity theory collapsed in the
1970s.

Tables 3.4 and 3.5 show Frenkel's results.

As may

be seen in Tables 3.4 and 3.5, the slope coefficients are
insignificant and unstable when put to inter-sample tests.
Frenkel reexamined the absolute PPP using exchange rates
that do not involve the dollar.

In this case with the

exception of FF/DM when the wholesale price index was used,
the results as presented in Table

■6

reveal significant

improvements over the rates involving the Dollar.

Frenkel

attributes the superior performance of the model to the
lower transport cost among neighboring European countries
and more stable trade policies among them.
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Table 3.3

Frenkel: Purchasing Power Parity: Instrumental variables,
1920s.
st = a ♦ B (P/P*) t ♦ ct
St

Price Index

CM/E
Wholesale
1921;2-1923:8

a

0

SEE

D.W.

P

-1.676
(0.178)

1.026
(0.017)

0.221

2.01

0.24

Cost of Living -1.575
(0.423)

1.084
(0.041)

0.367

2.06

0.50

FF/E
Wholesale
1921:2-1925:5

0.562
(0.207)

1.141
(0.064)

0.044

1.82

0.53

Material

0.613
(0.180)

1.081
(0.054)

0.042

2.18

0.48

$/£
Wholesale
1921:2-1925:5

-0.118
(0.482)

0.897
(0.267)

0.019

1.99

0.85

Material

-0.073
(0.453)

0.847
(0.245)

0.022

1.83

0.80

FF/$
Wholesale
1921:2-1925:5

1.183
(0.157)

1.091
(0.109)

0.054

1.70

0.58

Material

1.243
(0.130)

0.992
(0.085)

0.050

1.74

0.54

Source.— Frenkel (1980).
Notes: Fair's method Two-stage least squares with lagged dependent and
independent variables, a constant, time and time square used as instru
ments. Standard errors are in parentheses.
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Table 3.4

Frenkel: Test of Absolute Purchasing Power Parity:
Instrumental variables. 1973:6-1979:7
st = a ♦ B(p - p*)t + <t
Si

a

(FVT\.*)

$/£

0.712
(0.149)

0.165
(0.507)

2.982
(2.978)
$/FF

-1.521
(0.027)

0.184
(0.374)

-1.570
(0.047)
$/DM

SEE

D.W.

P

---

0.027

1.63

0.963

1.070
(0.897)

0.029

1.66

0.998

---

0.029

2.26

0.863

-1.070
(0.817)

0.029

2.30

0.901

(Pfc-ft*)

-0.900
(0.018)

1.786
(0.230)

---

0.034

1.69

0.739

-0.908
(0.175)

---

2.217
(0.263)

0.031

1.96

0.759

Source.— Frenkel (1981}.
Notes: Die terms (r ,-r ,)and (Ffc-ft*) are the wholesale price and
the relative cost of living indices. The Qxhrane-Qrcutt iterative
technique with two-stage least squares estimation method was used.
Instruments used are time, time squared, lagged dependent and
independent variables, and a constant. Standard errors are in
parentheses.
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Table 3.5

Frenkel: Test of Relative Purchasing Power Parity:
Instrumental variables. 1973:6-1979:7
Ast = a + 6A(p - p*)t + ct
St
$/£

a

(ftrtO

0.009
(0.007)

1.827
(1.034)

0.010
(0.007)
$/FF

-0.001
(0.004)

2.071
(1.084)
0.967
(0.722)

-0.001
(0.006)
$/DM

0.004
(0.007)
-0.002
(0.008)

(Ffc-ft*)

-0.030
(2.800)
-0.261
(1.703)
1.919
(2.305)

SEE

D.W.

0.036

1.53

0.034

1.59

0.031

2.35

0.030

2.36

0.032

2.17

0.034

2.08

Source.— Frenkel (1981}.
Notes: Die terms (RrPU)3011 (Ft“ft:*) are the wholesale price
and the relative cost of living indices. The Oxiirane-Orcutt iterative
technique with two-stage least squares estimation method was used.
Instruments used are time, time squared, lagged dependent and
independent variables, and a constant. Standard errors are in
parentheses.
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Table 3.6

Frenkel: Purchasing Power Parity: Instrumental variables,
1973:6 1979:7
st = a ♦ B(p - p*), + «»
St

a

(PW-PW)

£/DM

-1.668
(0.041)

0.821
(0.144)

-1.666
(0.048)
FF/EM

0.863
(0.143)
0.602
(0.048)

(Pfc-Pfc*)

0.965
(0.197)
-0.026
(0.487)
1.180
(0.327)

SEE

D.W.

P

0.027

1.60

0.895

0.027

1.57

0.909

0.020

1.61

0.981

0.019

1.48

0.929

Source.— Frenkel (1981J.
Notes: The terms
)and (pfc-pt*) are the wholesale price
and the relative cost of living indices. The Oochrane-Orcutt iterative
technique with two-stage least squares estimation method was used.
Instruments used are time, time squared, lagged dependent and
independent variables, and a constant. Standard errors are in
parentheses.
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Using the general-east-squareo estimation technique and
monthly data, Davutyan and Pippinger (1985), tested the
relative version of the purchasing power parity for the
exchange rates of five major currencies during 1919 to 1925.
Table 3.7 presents their results.

The high values of the

correlation coefficient, R2, suggest that the PPP works
better during the inflationary periods such as the early
1920s.

Davutyan and Pippenger reaffirmed their hypothesis

by testing their model, using monthly exchange rates of
three hyperinflationary economies of Argentina, Brazil and
Israel during 1973-1979 period.

Table 3.8 shows their

results.
Hakkio (1984), using quarterly time series, first
tested the purchasing power parity for the Pound, French
Frank, Canadian Dollar and Yen rates from the first quarter
of 1921 to the second quarter of 1925 and the third quarter
of 1973 to the second quarter of 1984.

The results after

applyirg the instrumental variables technique are not
supporcive of the theory the relative PPP.

Blaming the

imprecise specification for the absence of strong support of
the theory, Hakkio then proceeded with a multicurrency
estimation approach.

He argued that shocks which affect one

bilateral exchange rate may be transmitted to the other
bilateral rates through economic linkages.

Assuming that

the error term in the PPP model is correlated across
countries, Hakkio then estimated a simultaneous equation
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system using the three-stage-least-squares (3SLS) technique
for the Pound, Yen, French Franc and Canadian Dollar rates
for the 1920s and 1970s.60

Hakkio tested the model with

and without restrictions on the cross-currency slope
coefficients.

Table 3.9 presents the estimation results

with constant, time, time squared, lagged exchange rates and
lagged price ratios as instruments.

Similar model was

tested with lagged money and lagged real GNP as added
instruments and the results are shown in Table 3.10.
According to Hakkio, these results suggest that in a
multicurrency context, the PPP holds during the 1970s but
not for the 1920s, a finding which contradicts Frenkel's
results (1981).

Hakkio attributes this outcome to a higher

degree of economic integration in the 1970s compared with
the 1920s.

In all cases, the hypothesis that the slope

coefficients across countries are equal cannot be rejected
for the 1970s but is rejected for the 1920s.

Moreover, the

hypothesis, 0(=/3j~l, holds for the 1970s while in the 1920s,
it holds only in the case of France and the U.K. but not
Canada and Japan.

These findings reaffirm the effect of the

cost of transportation on the functioning of the commodity
arbitrage.

60 Frankel (1984) considered the application of Zellner's
technique of seemingly unrelated regressions. The assumption
is that the membership of some European countries in a common
monetary system may cause the residuals to be correlated
across countries. Frankel concludes that improvements in the
efficiency of the estimates are negligible.
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Table 3.7

Davutyan and Pippangar: Tests of Relative Purchasing
Power Parity.
s = a + 6(p - p*) + c
s

a

0

F?

SEE

D.H.

p

0.636
(0.137)

1.357
(0.151)

0.536

0.056

1.57

0.814

EM/$
(1919-24)

-0.746
(0.082)

0.976
(0.006)

0.997

0.366

2.02

0.318

£/$
(1920-Mar 1925)

-0.043
(0.018)

0.711
(0.093)

0.489

0.025

1.39

0.761

Can.$/$
(1919-25)

0.048
(0.07)

0.289
(0.053)

0.267

0.011

1.52

0.824

v/$
(1919-25)

0.036
(0.033)

0.201
(0.044)

0.204

0.015

1.23

0.957

FF/$
(1921-25)

Source.— Davutyan et al. (1985).
Notes: The model is corrected far serial correlation.
are shown in parentheses.
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Standard errors

Table 3.8

Davutyan and Pippengert Tests of relative Purchasing Power
Parity in hyperinflation cases, 1973:6-1979:7
As = a +A B(p - p*) + c
Country

a

0

B?

SEE

D.W.

Argentina/U.S.

1.11
(0.17)

1.12
(0.04)

0.89

0.134

2.15

0.83

Brazil/U.S.

-3.82
(0.03)

0.98
(0.02)

0.96

0.018

1.61

0.81

Israel/U.S.

-1.82
(0.08)

1.11
(0.04)

0.88

0.046

2.09

0.81

P

Source.— Davutyan et al. (1985).
Notes: Wholesale price indices are used. The model is corrected far
serial correlation. Standard errors are shown in parentheses.
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Table 3.9
Hakkio: s,t - a, +
eit “ Picit-1

0Apm

- P i ) t + «i*

+ e it

Instruments: 1, TIME, TIME2, Lagged exchange rates and
Lagged Price Ratios,
i- U.K., France, Canada, Japan

“1
Oft
Ofj

on.
P^
Pi
P3
Pi.

ft
ft
ft
ft

ft* ft

ft«ft

ft=ft=l

-0.628
(10.124)
-1.430
(0.086)
-0.133
(0.109)
-5.772
(0.206)
0.992
(0.062)
0.831
(0.065)
0.953
(0.046)
0.845
(0.072)
-0.002
(0.668)
2.432
(0.782)
1.255
(0.617)
0.711
(0.509)

0.894
(0.268)
-1.565
(0.098)
-0.155
(0.131)
-5.895
(0.131)
0.962
(0.054)
0.887
(0.070)
0.959
(0.048)
0.856
(0.062)
1.039
(0.296)

0.877
(0.236)
-1.570
(0.093)
-0.160
(0.134)
-5.880
(0.069)
0.963
(0.055)
0.890
(0.068)
0.960
(0.047)
0.858
(0.059)

4.445
0.349

0.018
0.893

IRSHAT
MARG

Source.— Hakkio (1984).
Notes: Standard errors are in parentheses; LRSTAT is the likelihood
ratio statistic for testing j81=^3j against ft?*ft [distributed xJ(4) ] and
testing ft=ft=l against ft=ft [distributed xa(l)]; MARC is the
corresponding marginal significance level.
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Table 3.10
Hakkio: slt - a, + 0, (Pu. - p,) t + eit
fit “ Pifit-1

+ «it

Instruments: 1, TIME, TIME2, Lagged exchange rates, Lagged Price
Ratios, Lagged Money and Lagged Real GNP
i= U.K., France, Canada, Japan
ft*/3j

“1
06
OS
at,

P1
PZ
Pi
Pt,

01
02
03
04

0i”0j

0.884
(0.107)
-1.085
(0.111)
4.595
(0.017)
3.810
(0.186)
0.503
(0.222)
-0.142
(0.223)
0.766
(0.102)
0.882
(0.135)
0.781
(0.208)
1.153
(0.077)
0.038
(0.137)
0.036
(0.249)

LRSTAT
MARG

0i=0,=l

1.937
(0.036)
-1.468
(0.094)
4.589
(0.006)
4.370
(0.228)
0.395
(0.184)
0.072
(0.194)
0.452
(0.135)
0.928
(0.101)
0.885
(0.065)

1.996
(0.015)
-1.303
(0.013)
4.590
(0.006)
4.496
(0.115)
0.436
(0.157)
-0.156
(0.204)
0.438
(0.117)
0.890
(0.096)

49.875
0.000

2.367
0.124

Source.— Hakkio (1984).
Notes: Standard errors are in parentheses; LRSTAT is the likelihood
ratio statistic far testing 0j=#j against 0(^0j [distributed x2 (4)]
and testing 0j=$j=l against 0\=0t [distributed x2(1) ]i MARG is the
corresponding marginal significance level.
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Fortune (1985) tested the purchasing power parity in
the context of "forward-looking concept" with the spot
exchange rate as a function of anticipated future PPP.

He

rejected the perfect foresight rational expectations model
of the exchange rate determination attributing his
conclusion to the presence of finite nominal contracts which
prevent the expected prices from being absorbed in current
prices.

Using a distributed lag model of expected prices,

Fortune examined the absolute and the relative versions of
PPP for the $/£ rate from March of 1973 to February of 1980.
The results suggest that economic agents form and respond to
their expectations within two to three quarters, a finding
that is in accord with other findings that he cites in his
paper.
In contrast to the diverse opinion over the validity of
purchasing power parity in the short-run, there is less
disagreement over the PPP as a long-run concept.
Broadberry (1987) examined the relative version of PPP for
the Pound/Dollar rate with the lagged real exchange rates
included as an independent variable for the period from the
second quarter of 1931 to the second quarter to 1939.
Broadberry found that the PPP held in the 1930s while
fluctuations in economic variable including gold reserves,
industrial production, money stock and prices affected the
movements of exchange rates in the short-run.
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Edison (1987) also examined the long-run purchasing
power parity by incorporating an error correction mechanism
for the $/£ rate.

Using annual data for the period 1890-

1978, Edison tested the PPP model, and the equation below
present his results,

Ast - 0.1355
(0.08)

+ 0.756 A(p - p*)t + 0.0866 [ (p - p*) - s]t.,,
(0.173)
(0.049)

R2 « 0.2037 and SEE « 0.089.
s = s - (1/0) (i - i*) and 0 is expectation coefficient of
the uncovered interest parity.

The coefficient of the last

term implies that approximately 9% of the short-run
deviation from the PPP is corrected annually, hence
suggesting a prolonged convergence period.
In an attempt to analyze the relationship between real
and nominal exchange rates under different exchange rate
regimes, Eichengreen (1988) tested the model,

(s t ~

s t-i)

=

0 ( s t-i “

s t-i) •

where 0 is the speed of the convergence and s with bar is
the equilibrium value of exchange rate.

Assuming that the

equilibrium value of exchange rate is a linear function of
time,
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st = a + w TIME, Eichengreen tested the equation,

st = a<i> + (l-^)st.^ -f <jxt> TIME.

Eichengreen used the Pound rates of nine European currencies
and the Dollar and monthly data for the floating rate period
(1922-26), the Gold Standard period (1927-31), and the
managed float period (1932-36).

Based on his results,

Eichengreen established that the exchange rate convergence
toward its PPP was shortest under the free floating period
followed by the managed float and the fixed rate periods
respectively.
Taylor and McMahon (1988) tested the long-run PPP by
incorporating the cointegration methodology among economic
time series.

Often in economic theory there are time-series

which tend to move together.

Examples of these variables

are the short-term and the long-term interest rates, the
exchange rate, the price ratios and the price of close
substitute goods.61

In simple terms, for two series to be

61 Taylor and McMahon 1988, p. 180. Additionally, for a
reference on cointegration see Engle and Granger (1987) and
Stock and Watson (1988) and references presented there.
Briefly, a time series xt is call integrated of degree d if
when differentiated d times, it become stationary. xt is in
tegrated of degree one x - 1(1) if itcan be written as,
Axt = xt - xt_i = c + et
where e - (0,aa€) and € is stationary.
Now if xt and yt are
both 1(d) then it is possible that a linear combination of the
two is cointegrated of degree d,
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cointegrated, their difference should be stationary in the
long-run.

st -

Taylor and McMahon tested the model,

(P/P*)t = c t,

where ct is the short-run drift from the PPP.

For the long-

run PPP to be meaningful, the value of c should approach
zero.

Examining the long-run PPP for a five bilateral

exchange rates for the first half of the 1920s, Taylor and
McMahon found support for the model except in the case of
$/£ rate.

They attribute the dollar-sterling rate

aberration to speculative bias one year prior to the return
of the U.K. to the Gold Standard.

Taylor and McMahon showed

that by sampling out the 1923:5 to 1924:5, the dollar-pound
results conformed to the rest of the exchange rates tested.

zt = xt - a yt,

where zt - 1(d) and a ^ O , is the

co-integrating vector.
The test for long run PPP can be
conducted by the following specification,
st -

(P/P*)t = c t,

where ct is the short-run deviation from PPP. If the exchange
rate and price ratio are cointegrated i.e. (st, p/p*)-1(1),
then ct-I(0) meaning that short run deviations can occur with
a long run tendency to converge to PPP.
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3. Empirical Evidence of the Monetary Models of the
Exchange Rltf
In this section, some of the empirical studies aimed at
verifying the validity of the monetary approach to the
exchange rate determination are examined.

Although all of

the PPP-based monetary models rely on the premise of the
equilibrium conditions in the money market, they vary
considerably on their assumptions concerning expectations
and the relation of the exchange rates with real and nominal
factors.
Frankel (1979) reports findings of the real interest
rate differential model, for the DM/$ for the period from
July of 1974 to February of 1978.

The results, using two

estimation procedures of the ordinary-least-squares and the
instrumental variables are presented in Table 3.11.

In all

cases, the coefficients have the expected signs, although
application of the Cochrane-Orcutt method to correct for the
first-order autocorrelation does not seem to improve the
results particularly with respect to the relative money
supply coefficient.

The instrumental variable technique,

when applied, improved the results in support of the real
interest differential formulation model.

The coefficient of

the inflation differential is positive, leading to the
rejection of the Keynesian (Dornbusch) position on the
absence of cyclical inflation.
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The model also rejects the

flexible-price model of exchange rate by establishing non
zero coefficients on the nominal interest rate differential.
Frankel (1983) reexamined the real interest rate
differential formulation of the monetary model for the DM/$
rate with the exception that he allowed the income
elasticities to differ between the U.S. and Germany.

Using

monthly data for the period January 1974 through December of
1980, Frankel found less support for the model.

The income

and the money supply coefficients are insignificant, which
in Frankel's words "continues to cast doubt on the monetary
models in all forms."62
Using quarterly data, Frankel (1982) tested the real
interest rate differential model by adding the real wealth
effect in the money demand equations.

According to Frankel,

a higher relative wealth at home will increase the demand
for the home currency and causes the exchange rate to
appreciate.

His results for the DM/$ for the first quarter

of 1974 through the fourth quarter of 1980 is supportive of
the modified formulation of the model.

Furthermore, Frankel

(1984) tested his version of the sticky-price model for the
period ranging from February of 1974 to July of 1981 for
£/$, FF/$, ¥/$ and Can$/$.
signs for all coefficients.

Only FF/$ rate show consistent
The sign of interest rate

coefficient is negative in all cases which is in accordance

62 Frankel printed in J.S. Bhandari and B. H. Putnam eds.,
1983, p. 93.
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of the sticky-price assumptions.

However, the overall

results after correcting for first-order autocorrelation are
of the wrong sign and are statistically insignificant.
Frankel then proceeded to test the direct money demand
effect by introducing money velocity into the model.

The

results show drastic improvement both in terms of the
hypothesized signs and their statistical significance.
Rasulo and Wilford (1980) investigated a more general
version of the monetary model, for the U.K. and Italy, using
quarterly data for the period from the first quarter of 1973
to the first quarter of 1978 and the first quarter of 1973
to the second quarter of 1976 respectively.

Rasulo and

Wilford hypothesized different income elasticities,

s = 0, - 0 2 (m - m*) + 03(5y -6*y*) - 0*(i - i*) +

where 5 and 6* are the income elasticity of demand for money
at home and abroad.63

Table 3.12 shows the results of both

the constrained specification where the income elasticities
are assumed to be equal (FORM I), and the extended model

63 Generally in the monetary models tested, the effect of
real income growth on the demand for money is assumed to be
similar across countries considered.
However, if income
elasticities between countries are in fact not equal, then
this assumption will lead to statistical bias in the
estimation. On the other hand, by not collapsing the income
effects, the risk of multicollinearity will increase due to
the fact that the time series on income tend to move closely
with each other.
63

where this assumption is relaxed (FORM II).

As may be seen,

the proposed specification proves to be useful in
establishing the ground for unegual income elasticities in
the case of the $/£ exchange rate and not the $/Lira rate.
The

for the $/£ changes from 0.07 which is

insignificantly different from zero at 95% level to 1.07
which is not significantly different from one.

Rasulo and

Wilford attributed the result for Lira to the closeness of
the calculated income elasticities (0.04) between the U.S.
and Italy.
Using monthly data for the DM/£ rate, Bilson (1978)
tested a variation of his model, described by Equation
[2.18] over the period from April 1970 to May 1977.

The

testable model assumes different money and income
elasticities for each country and includes a time trend for
possible shifts in the demand for money functions.

He uses

industrial production indices for real income and the
forward exchange premium as a proxy for the interest rate
differential. The results of Bilson's estimation is:

S

= -1.3280 + 1.0026 m - 0.9846 m* + 1.3853(i - i*)
(6.259)
(6.258)
(2.792)
-0.9009 y + 1.0183 y* - 0.0049 t,
(3.341)
(3.623)
(3.247)
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where t-statistics are in parentheses and an asterisk
indicates the U.K. variables.

The positive interest rate

differential coefficient is in accord with the Bilson's
assumption that, with a given money stock, a higher relative
domestic interest rate lowers the demand for real balances,
hence requiring the price level and the spot exchange rate
to rise.

Both the signs and the magnitude of money and

income coefficients correspond to a priori theoretical
expectations.
Leventakis (1986) reported quarterly DM/$ estimates of
the sticky-price and the flexible-price monetary models for
the period first quarter 1974 to fourth quarter 1984.
Growth rates of money supply, lagged inflation rates and the
long-term interest rates are used as proxies for the
expected rates of inflation.

The results for the Dornbusch-

type model after correction for the first-order
autocorrelation are presented in Column (1) of Table 3.13.
Columns (2)-(3) report Frankel's expected inflation and the
real interest rate differential specifications respectively.
The results are

poor and except for the relative income,

the coefficients have wrong signs.

Furthermore, the

negative sign of the relative money supply term will lead to
the rejection of the overshooting hypothesis.
Leventakis1 results for the flexible-price model are
reported in Table 3.14.

Column (1) is the basic model with

perfect goods and assets arbitrage.
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Column (2) is the

Bilson's specification with expected inflation replacing the
nominal interest rate differential.
not supportive of the models tested.

Overall the results are
Leventakis reexamined

Relaxing the assumption of equal coefficients across
countries, Leventakis reexamined all models and his
additional findings showed no improvement in the models
tested.64
Edison (1987) examined the general Keynesian type longrun monetary model for the $/£ rate, using lagged variables
of exchange rate, money, prices and income as well as
changes in the lagged values for the period of 1890 to 1978.
Edison found no support for the mode.

64 Leventakis 1986, pp. 363-376.
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Table 3.11

Frankal: Test of Real Interest Differential Hypothesis, 1974:7-1978:2
s = a + (m - m*) + 5 (y - y*) + p(i - i*) + { (t - t )

Estimation
Technique

a

m - m* y - y*

i - i*

r

- t

R?

D.W.

p

LS

1.33 0.87
(0.10) (0.17)

-0.72
(0.22)

-1.55
(1.94)

28.65
(2.70)

0.80 0.76 --

arc

0.80 0.31
(0.19) (0.25)

-0.33
(0.20)

-0.259
(1.96)

7.72
(4.47)

0.91 --

INST

1.39
(0.08)

0.96
0.14)

-0.54
(0.18)

-4.75
(1.69)

27.42 -(2.26)

1.00 --

FAIR

1.39 0.97
(0.12) (0.21)

-0.52
(0.22)

-5.40
(2.04)

29.40 -(3.33)

--

0.98

0.46

Source.— Frankel (1979).
Notes: Dependent variable is ln(CM/$) rate.
ZN9T - instrumental variables technique with inflation differential
of Consumer Price Index (past year's average), industrial Vtiolesale
Price Index and long-term ccmrercial bend rate differential as
instruments.
F M R “ Instrumental variables are industrial WPI inflation differential
and lagged values of exchange rate, relative industrial production,
shart-term interest differential, and expected inflation differential.
The method of including amcng the instrunents lagged values of all endogen
ous and included exogenous variables, in order to insure
consistency while correcting far first-order carrelaticn, is attributed
to Ray Fair.
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Table 3.12

(A
II
rt>

Rasulo and Wilford: Dollar/Found and Dollar/Lira Tests of the Monetary
Model.

PCR4 I

s

- ft(m - m*) + ft(y - y*) - ft(i - i*) + (
ft

ft

ft

ft

R2

F

D.W.

4.72 -0.91 0.07 -0.18 0.85
(6.09) (-6.94) (0.19) (-3.90)

32.7 1.3

$/Ldra -3.47 -1.02 0.57 -0.07 0.85
1973:1-76:2
(-1-71) (-3.61) (0.96) (-1.11)

19.9 1.1

$/£
1973:1-78:1

s * ft - ft(m - m*) + ft(£y - *Y) - ft(i - i*) + €
PCFM II

s

$/£
1973:1-78:1

ft

ft

ft

ft

F?

F

D.W.

7.57 -0.75 1.05 -0.20 0.87
(4.07) (-4.97) (1.70) (-4.52)

38.7 1.9

-1.01 0.67 -0.07 0.85
(-3.48) (0.87) (-1.09)

19.5 1.1

$/Lira -3.57
1973:1-76:2
(-1.57)

Source.— Rasulo et al. (1980).
Notes: t-statistics are presented in parentheses.
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Table 3.13

Leventakis: DM/S Estimates of the Sticky-Price Monetary
Model, 1974:1 to 1984:4.
Equation Variables

(1)

(2)

(3)

0.763
(1.919)

0.768
(1.815)

0.770
(1.839)

m - m*

-0.037
(0.704)

-0.035
(0.540)

-0.034
(0.523)

y -y

-0.285
(0.459)

-0.277
(0.421)

-0.194
(0.289)

a

1
-H

-0.005
(0.889)
«

..

-0.002
(0.043)

-0.002
(0.054)

-0.355
(0.722)

-0.356
(0.714)

----

SER

0.046

0.046

0.046

F? ad j

0.343

0.326

0.325

DW

1.297

1.297

1.283

0.957
(28.362)

0.957
(28.100)

0.958
(28.038)

T

-

T

p - p*

P

Source.— Leventakis (1986).
Notes: Mxobers in parentheses are t-ratios.
error of the regression.
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SER is the standard

Table 3.14

Leventakis: DM/S Estimates of the Flexible-Price Monetary
Model, 1974:1 to 1984:4.
Bguation variables

(2)

(1)
0.857
(02.124)

0.685
(1.683)

m - m*

-0.041
(0.759)

-0.033
(0.501)

y -y

-0.096
(0.147)

-0.356
(0.549)

a

•

l-i

X

-

*

-0.003
(0.554)

*

T

-0.000

(0.004)
0.047

0.046

B? adj

0.361

0.359

DW

1.445

1.361

P

0.959
(29.510)

0.951
(25.596)

SER

Source: Leventakis (1986).
Notes: Matters in parentheses are t-ratios. SER is the standard
error of the regression.
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CHAPTER 4
TWO-SECTOR APPROACH TO THE PURCHASING POWER PARITY-BASED
EXCHANGE RATE MODELS
l. Introduction
In the empirical examination of the purchasing power
parity-based exchange rate models, the choice of an
appropriate price index poses a unique challenge.

Besides

the 'index-number' problem, the composition of any given
price index used in testing the PPP models will have a
direct bearing on the results.

A price index is calculated

from the individual prices of a selected basket of goods and
services produced and/or consumed in the economy.
Therefore, any interspatial variation in the composition and
the quality of the goods and services considered in the
index will have a direct bearing on both the static and the
intertemporal testing of the purchasing power parity theory.
To improve the empirical verification of the purchasing
power parity-based models, this dissertation focuses on the
development of a unique set of price indices that will
address the interspatial and the intertemporal consistency,
commonly known as the index-numbers problem.

Furthermore,

this study will deal with the presence of the traded-goods
prices in the index-numbers by taking a two-sectoral
approach to the PPP.

It has become apparent that the use of

aggregate price indices has contributed to the inconsistent

empirical results of the purchasing power parity models.65
Since the writings of Gustav Cassel, the 'tradablegoods hypothesis' of the exchange rate modeling has
maintained a controversial status.

Cassel rejected the

opinion that a tradable-goods price index is more
appropriate than a broad measure of price in determining the
equilibrium exchange rate.

He based his opposition to the

use of the traded-goods price in testing the PPP on the
assumption that the tradable-goods constitute a small
fraction of the total national output.

Moreover, Cassel

stressed the inherent instability in the separation between
tradable-goods and nontradable goods.

Cassel correctly

argued that improvements in transportation and/or changes in
the internal relative prices induced by real factors may
cause the previously non-traded goods to enter the
international markets.66 Keynes (1930) maintained a similar
position on the use of index-numbers based on tradable-goods
prices alone.
To examine the appropriateness of the tradable-goods
hypothesis in the empirical probing of the purchasing power
parity the reminder of this chapter is organized as follows:
A brief review of the literature in support of the tradable-

65 The use of an aggregate price index versus an index
made of the tradable goods alone has been debated rigorously
in the literature since the writings of Cassel. For a review
of this debate see Officer 1982-a, pp. 119-23.
66 Cassel, quoted in Officer 1982-a, p. 91.
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goods hypothesis is discussed in section two.

To

incorporate the effects of relative sectoral prices, section
three presents modified versions of the PPP-based models of
exchange rate determination discussed in Chapter Two.

In

the remainder of this chapter, the modification of the
purchasing power parity-based models of exchange rates is
discussed.

To incorporate the theoretical developments in

the area of the two-sector economy approach to exchange rate
models, both the original PPP and the PPP-based monetary
models are revised to include the relative internal price
ratios as an added right-hand-side term.

2. Literature in Support of the Tradable-Qoods Hypothesis
Application of the two-sector approach to the PPP-based
models has been debated in the literature since Cassel's
initial writings in the 1920s.

Cassel (1922) was more in

favor of using broader price indices, encompassing both the
tradable and the nontradable commodities.

Keynes (1930)

also preferred the use of aggregate price indices in testing
the validity of PPP.

Challenge to this position has come

from Angell (1922), Balassa (1964), Samuelson (1964), and
Ohlin (1967).

After examining the writings of Cassel on the

purchasing power parity theory, Angell (1922), raised
objections to Cassel's view of the dependency of the rate of
exchange on the general price levels.

73

Angell wrote:

I shall simply state my objections...[To] his
[Cassel's] reliance upon the rebulous "general
price level" as the determinant of exchange rate
involves an assumption true only in a static
condition of trade: that the prices of
international commodities and those of
commodities in general move together in such close
relationship that a comparison of general
purchasing powers as between countries can be
taken to have real significance for the purposes
of international trade. But ordinary situation is
dynamic rather than static...In so far as this is
true, the Purchasing-Power-Parity doctrine, which
is essentially dependent on the indiscriminate
jumbling-together of international and domestic
prices into a composite general price level,
cannot be regarded as valid during periods of
transition.
Domestic and international price
levels, under dynamic conditions, obviously do not
and cannot move in harmony, nor can the general
price level accurately reflect either.
Indeed, to
anticipate some of the conclusions of the latter
discussion, exchange rates and the parity are
under paper proximately determined, not by general
purchasing powers or general price levels at all,
but by prices of and quantities of media of
international payment: the influence of purely
domestic commodity prices is distinctly
secondary.67
Pointing to the sectoral productivity differentials
across countries as a source of misalignments between the
exchange rate and the price ratios, Balassa (1964) wrote:
In the presence of disparate changes in
productivity and prices in the sectors of traded
and non-traded goods, the reliance on general
price indexes for deciding on exchange-rate
adjustments appears to be misplaced ...It appears
likely, however, that more useful results can be
achieved if, instead of attempting to rely on
aggregate indexes, more attention is paid to the

67 Angell 1922, pp. 363-4.
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behavior of sectoral indexes with appropriate
disaggregation.68
Criticizing the use of cost-of-living price index which
assumes that the equilibrium exchange rate is determined by
the worth of the currency in terms of its buying power,
Samuelson (1964) wrote, "Patently, I cannot import cheap
Italian haircuts, nor can Niagara-Falls honeymoons be
exported.n69
Following Angel, Ohlin (1967), also took a favorable
position toward the tradable-goods hypothesis as he
wrote,70
The condition governing foreign exchange rates
have often been discussed in connection with
international price relations.
I have stressed
that anything which affects the supply of or
demand for foreign exchange can influence the
price paid for it,...
Moreover, Ohlin argued that,71
In principle, foreign exchange rates have nothing
to do with the wholesale commodity price level as
such but only with individual prices.72
68 Balassa 1964, p. 595. The reasoning behind Balassa's
thesis is that the sector producing non-traded goods have a
slower productivity growth compared with the exposed sector.
If the labor market faces wage equalization across sectors,
the relative price of tradable-goods must fall in countries
with smaller sectoral productivity differentials, hence
causing real depreciation of the purchasing power parity.
69 Samuelson 1964, p. 147.
70 Ohlin 1967, p. 289.
71 For a more complete reference to the literature in
support of a broader price indices in testing the PPP see
Officer (1976, 1982-a) and Shapiro 1983, pp. 295-318.
72 Ohlin 1967, p. 289.
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To stress the relevance of the purchasing power parity
theory only in the context of the tradable-goods, Ohlin
furthermore wrote:
The idea that people demand foreign currency
because it has a certain purchasing power for
commodities in general on the wholesale market is
not in accordance with facts. The importer wants
foreign bills to buy and pay for certain foreign
goods and is not interested in the prices of other
goods...The man who is to transport commodities is
interested in the height of shipping rates charged
by different shipping companies and not in
commodity prices.
It is not true that a rise in
certain commodity prices in a country -i.e., a
reduction in the purchasing power of that
country's currency- in all cases reduces the
foreign demand for bills on the country .73
In recent years an increasing volume of studies have
applied the traded goods prices in the empirical testing of
the PPP models.

Dornbusch (1976), Malgrange and Muet

(1984), Clements and Frenkel (1980), Frenkel (1981), Officer
(1982-a) and Heitger (1987) have adopted this approach which
specifies the exchange rate as a value that equates the
domestic price of tradable commodities to their foreign
prices.

73

Ibid., P- 291.
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3. Sectoral Prices in the Purchasing P o m
Exchange Rate Models

Parltv-bassd

3.1. Tradable-Goode Hypothesis in the Original Purchasing
Power Parity Thaory
The purchasing power parity theory expressed in its
original form equates the long-run equilibrium exchange rate
to the relative aggregate price levels between the two
countries.

This relationship was discussed earlier and is

reproduced here for convenience,

s = p - p*.

[4.1]

The theoretical tradable-goods hypothesis counterpart of the
original PPP may be written as ,74

s = Pi - P t*»

[4.2]

74 For references to this section see Clements and Frenkel
1980, pp. 249-262 and Frenkel 1981, pp. 145-65, Clements and
Semudram 1983, pp. 356-63. Clements and Frenkel suggest that
if domestic and foreign traded goods are not the same due to
factors such as tariffs, then equation [4.2] should be
modified as:

s = l/X(pT - pT*) where X denotes the terms of trade -the
relative price of imports in terms of exports- which in [4.2]
is assumed equal to one.
The X itself is assumed to be a
function of income and commercial policies.
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where pT (p/) is the price index for the tradable-goods
sector at home (abroad).
Following Clements and Frenkel (1980) and Frenkel
(1981), Equations [4.1] and [4.2] may be linked by assuming
that the aggregate price level in each country is a log
linear homogeneous (Cobb-Douglas) function of the prices of
traded and non-traded goods,
P *

Pt<1t)

[4.3]

P*= P„*»* PX*<1-1*> ,

where y

[4.4]

(7 *) is the constant elasticity.

Rewriting

Equations [4.3] and [4.4] in the logarithmic form results in
two equations as follows,

P * 7Pm + (1 -7 )Pt

[4.5]

P* = Y*P\ + (1-7*)P*t *

[4.6]

where as before, lower case letter denotes the logarithm of
the variable and 0 <7 (7 *)<1 , can also be interpreted as the
expenditure share of the non-traded goods at home (abroad).
Rearranging terms in [4.5] and [4.6], the price of
tradable-goods may be expressed as a function of the general
price level p (p*) and the internal relative prices between
the two sectors in each country,
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[4.7]

Pt - P + Y(Pt - Pm )
*

•

Pt - P

*.

«

ft.

[4.8]

+ 7 (Pt - Pm ) •

Assuming, for expository convenience, that relative
expenditure shares of non-traded goods are identical across
countries, 7 =7*,75 and substituting Equations [4.7] and
[4.8] into Equation [4.2], the tradable-goods hypothesis PPP
may be written as,

s = (p - p*) + a[ 7 ((pT - Pm)-(Pt* - Pm*)>]

[4.9]

where the coefficient a measures the sensitivity of exchange
rate to the relative internal price differential changes.
The testable form of the Equation [4.9] is,

s = c, + c2(p - p*) + c3 [(pT - pM)- (pT* - pM‘) ] + ec ,
[4.10]

where c^ =a y and ec is the stochastic error term.

The

testable hypotheses are H0: c^O, c2=l, c3=c«7 = 0 and since
7

* 0 , it implies that a= 0 .

75 The assumption that the expenditure shares on nontraded goods are equal is not required.
In fact the model
could easily be specified with 7 * 7 *. For a reference see
Frenkel 1981, p. 153.
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Equation [4.10] states the equilibrium exchange rate as
a function of both the relative aggregate price levels and
the relative internal pi ice differential between the two
countries .76

If monetary conditions are similar in the two

economies, the exchange rate is determined by structural
changes, captured by the ratio of relative internal prices.
On the other hand, if there are no structural changes at
home and abroad, the inflation differentials will be the
principal determinant of the exchange rate.

If the internal

price ratio is stable, then the exclusion of the second term
from the model should not affect the relationship between
the exchange rate and the relative aggregate price levels.
It may then be concluded that the modification of the model
in favor of the tradable-goods will not improve the
theoretical aspect of the purchasing power parity theory.
However, if c3 ^0, then the exclusion of the tradable-goods
hypothesis from the model will result in a specification
bias.
Frenkel (1981) has indirectly tested model described by
Equation [4.10] by examining the correlation between the

76 Heitger (1987) has introduced the possibility of struc
tural change effect as opposed to pure monetary effect in
equation [4.7] by assuming 7 ^ 7 *. Heitger discusses the supply
side structural change caused by 'productivity bias' & l a
Balassa and structural change caused by the demand side
forces. Among the demand side structural effects include nonhomothetic preferences in favor of non-traded goods, changes
in domestic absorption caused by capital inflow and changing
terms of trade which alters the domestic excess supply of
importable and exportable goods.
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wholesale price index and the cost of living index as
proxies for the tradable-goods prices and the nontradablegoods prices respectively.

He applied the ordinary least

squares regression technique to the absolute and the
relative ratios of the cost-of-living and the wholesale
price indices for the U.S., the U.K., France and Germany for
the period June 1973 to July 1979.

Frenkel's results are

inconsistent and inconclusive.Moreover,

after applying the

instrumental variables technique andcorrecting

for the

first-order autocorrelation problem, Frenkel■found similar
inconclusive results for his approach.

3.2. The Tradable-Goods Hypothesis in Monetary Models

The proposed tradable-goods hypothesis of the
purchasing power parity theory may also be incorporated into
the existing monetary models discussed earlier .77

We may

begin the exposition by reintroducing the conventional money
demand equations for the two countries discussed in Chapter
Two,

m = p + 5y - jii

[4.11]

m = p + o y - j i i ,

[4-12]

77 For a reference to what
Frenkel 1980, pp. 249-262.
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follows

see

Clements

and

where once again the income and interest elasticities across
countries are assumed to be equal.

Rearranging terms and

substituting into the Equation [4.10], gives the expanded
Dornbusch-type tradable-goods model of the exchange rate,

s - (m - m*) - 5(y - y*) + M (i - i*) + o[y{ (pT-pM)- (Pt*-Pm*) } ],
[4.13]

where again the coefficient

a measures

the exchange rate

sensitivity to the changes in the relative internal price
differential.

The testable model of Equation [4.13] may be

written as,

s = d! + d2(m - m*) + d3(y - y*) + d4(i - i*) +
<*5 [ (Pt-Pn)-(Pt*- Pm*)] + ed,

where d5=ay and ed is the stochastic error term.

[4.14]

The

proposed null hypotheses are H0: d2=l, d3=-5, d4=/x, ds=a 7 , and
since 7 ^ 0 , it implies that a-0.

In that case the model

collapses to the original Frenkel's formulation.
Using the wholesale price index and wages as proxies
for the tradable and the nontradable- oods prices, Clements
and Frenkel (1980) tested Equation [4.14] for the $/£ rate
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using monthly data over the period February 1921 to May
1925.

Their results were generally satisfactory with a

coefficient for the relative prices been statistically
significant .78
All other types of the monetary models may also be
modified so to incorporate the tradable-goods hypothesis.
The real interest differential formulation of the monetary
model expressed by Equation [2.16] may also be altered to
incorporate the effect of structural change.

Replacing the

nominal with real interest rate differential in Equation
[4.10] yields the modified Frankel's formulation,

s = (m - m*) - 5(y - y*) - n ( i - i*) + £(x -

t

) +

a[7{ (Pt-Pm)-(Pt'-Pn*) >] •
[4.15]

The testable form of Equation [4.15] may be written as,

78 Equation [4.13] may be slightly
the relative price of tradable-goods
aggregate price.
This formulation may
countries with relatively large open or

modified to consider
with respect to the
be more suitable for
exposed sector:

s = (m - m*) + 5(y - y*) - /*(i - i*) + 0( pT/p - pT./p*) .
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s = h, + h2(m - m*) + h3(y - y*) + h*(i - i*) + h5(T - r*) +
M ( P t-P*) ~ (Pt*-Pm*)] + eh ,
[4.16]

where h^-ay and eh is the stochastic error tern.

The

maintained hypotheses are H0: h 2=l, h 3— 5, h4=/z and h5=£,
h^ay, and since y * 0 , it implies that a -0 .
Again the last term captures the effect of change in
the relative price of the traded-goods between two
countries.

A rise in the relative price of traded-goods at

home will increase the demand for imports and result in a
depreciation of the exchange rate (rise in s ) .

However, if

the coefficient of the relative prices is statistically
zero, then the last term may be dropped from the model with
no risk of misspecification bias in the estimation.
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CHAPTER 5
EMPIRICAL IMPLEMENTATION OP THE PURCHASING POWER
PARITY-BASED M0DEL8
l. Introduction
The primary objective of this chapter is to model a
general framework that considers sectoral prices against the
conventional models that use the traditional aggregate-price
formulations of the PPP.

Central

availability of appropriate price

to this task is the
indices.

It is believed

that the failure of the purchasing power parity tests is due
to a lack of internationally comparable price indices and
not the weakness of the theory.
chapter is the following:

The organization of this

The role of prices in empirical

examination of the purchasing power parity is discussed in
the second section.

The methodology of generating a unique

set of price indices for testing the aggregate-price and the
sectoral-price purchasing power parity-based models is
presented in section three.

The testable models of both the

proposed general and the conventional versions

of the PPP

are discussed in section four.

2. The Role of Prices in Testing the PPP Models

Performing empirical examination of all the PPP-based
models requires that we rely on appropriate measures of

prices.

Traditionally, to verify the PPP hypothesis, price

indices such as the Gross Domestic Price (GDP), implicit
deflator, the Wholesale Price Index (WPI), the Consumer
Price Index (CPI) and the cost-of-living index have been
used.

The primary concerns with the application of the

above indices include:

(a) the absence of a uniform

methodology in generating the price indices across countries
and (b) the intertemporal and the interspatial changing
composition of the these indices.

There is a considerable

variation in the methods of data collection for and
construction of price indices across countries.

The

expenditure weights of each good and service varies
considerably from one country to another.
these expenditure shares change over time.

In addition,
The factors

mentioned above as well as the differences in the
aggregation techniques between countries have contributed to
the unreliability of the statistical results based on the
conventional measures of price level.
Among the frequently used price indices, the GDP
deflator is perhaps the most representative of the overall
price level.

The principal problem with the use of the GDP

deflator in the interspatial testing of the PPP models is in
the way this index is generated.

The GDP implicit deflator

is made up of several other indices such as the CPI, the WPI
and various industry specific indices.

Any change in the

composition of the Gross Domestic Product in each country
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that affects these indices will also affect '.he GDP deflator
as well.

However, one advantage that the GDP has over the

CPI is that it takes account of some non-household sources
of the demand for money, an element which plays a crucial
role in the exchange rate determination models .79
The WPI has traditionally been used as a proxy for the
tradable-goods prices due to its higher content in primary
goods and the exclusion of the services.

However, WPI has a

number of shortcomings that limit its applicability to the
empirical tests of the PPP.

For example, the component

price indices that enter the WPI, measure the prices of
commodities at varying stages of production, thus giving
rise to the possibility of double-counting .80 Moreover,
Goldstein and Officer argue,
"The fact that the quantitative importance of
this double-counting is difficult to assess
renders this defect all the more troublesome.
The tradable output of the economy is (at least
conceptually) a distinct part of the GDP; yet the
WPI cannot be constructed as measuring the price
of the value-added output of any well-defined
sector or sectors of the economy ."81
79

Kravis and Lipsey 1978, p. 201.

80 Kravis and Lipsey (1978) argue that the Wholesale Price
Index has no clear conceptual framework and is more subject to
international variation. Furthermore, due to its higher share
of the primary products, the WPI is biased by the uniformity
of primary products price movements which will affect the
conclusion of the ppp testing. This point was also
discussed by Keynes who rendered the conclusion of the PPP
theory based on the tradable prices as trivial. For reference
on the Keynes position with respect to the PPP theory see
Officer (1982-a).
81

Goldstein and Officer 1979, p. 416.
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The CPI does not suffer from the same deficiencies as
does the WPI.

Despite the inclusion of the services in its

calculation, the CPI remains a partial representative
measure of the overall price level.

Because of the high

content of the consumer services, the CPI has often been
used as a proxy for the price of nontraded-goods.

A major

weakness with the inter-country comparison of the CPI is the
extent and the method by which the publicly financed goods
and services are included in its computation.

The way that

the consumption of publicly financed goods and services are
figured in household and government expenditures varies
widely across countries.
evident in

This problem is particularly

expenditures on education and health care.

The

extent of government subsidies in secondary and higher
education as well as the public health care delivery vary
considerably among the European countries.

This difference

in public expenditures on social services is even more
pronounced when most of the European countries and the
United States and Japan are compared .82

82 For a discussion on the question of publicly funded
goods and services in calculating the PPP see Ward (1985) and
Hill (1986). The OECD's 1985 report on the Purchasing Power
Parities has attempted to remedy this problem by taking two
separate approaches;
one,
is the ICP
(United Nations
International Comparison project) and the other is the SNA
(United Nations Systems of National Accounts). In the ICP the
consumption expenditure
in classified by reference to
consumption whereas in the case of SNA consumption is
referenced from the expenditure side.
For a reference see
Kravis 1984, pp. 5-6 and Purchasing Power Parities and Real
Expenditures. (Paris: OECD [1987]):3
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Kravis and Lipsey (1978-a) have argued in favor of the
CPI in testing the monetary models.

This inclination is

based on the assumption that in the industrialized
economies, over sixty percent of the total demand deposits
are held by the households.

Kravis and Lipsey (1978)

consider the CPI to be a reasonable measure of the factors
that affect the demand for money, a key element in the
monetary models of the exchange rate determination.
In theory, the flexible-price monetary models advocate
the use of a more general price index.

These models assume

perfect substitution between the traded-goods, with the
price of nontraded-goods keeping in line through the
response of consumption and production to the changes in the
relative internal prices.

In practice however, most of the

monetary models are tested by applying the law-of-one-price
to the tradable-goods hypothesis .83
To generate the sectoral prices needed for a meaningful
test of the PPP, various components of the GDP expenditures
must be classified into tradable-goods and nontradablegoods.

To advance the issue of sectoral prices in the PPP

theory and test the tradable-goods hypothesis, this
dissertation focuses on constructing a unique set of price
indices.

These price indices are based on a recent landmark

study undertaken by the Organization for Economic
83 Frenkel (1981) has used the WPI and the Cost-of-Living
Index (consumer prices from the IMF line 64) as proxies for
the sectoral price ratio.
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Cooperation and Development (OECD) and the European
Statistical Office (EUROSTAT) where actual Purchasing Power
Parities (PPPs) for the GDP and its major components for the
year 1980 have been calculated.
The OECD, in cooperation with the EUROSTAT, launched a
major project to compute the real Gross Domestic Product and
the corresponding purchasing power parities for some of
their member countries .84 The primary motive for this
project was the need for internationally comparable
statistics to be used in policy coordination and
international settlements.

The proposed establishment of

common currency units and international settlements of
special concerns, such as subsidy programs and the
contribution shares to international organizations, have
created the need for more accurate conversion factors than
the exchange rates.

According to Ward (1985), the

overriding objective [of the OECD-EUROSTAT PPP project] was
to construct an appropriate GDP related interspatial and
international price index that, at different levels of
disaggregation, can be related in a consistent way to the
various components of national expenditures .85
The PPPs for the GDP and its components have been
calculated from the relative prices of a large and well
84 For a detailed account of the OECD Purchasing Power
Parity project, see Hill (1986), Blades and Roberts 1987, pp.
184-97, and see Ward (1985).
85

Ward 1985, p. 37.
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specified basket of goods and services among the countries
for which the study was conducted.

In this context, the PPP

has been defined as the units of a currency needed to
purchase a basket of goods and services that one unit of the
base country's currency (usually the $US) can purchase.

For

example, if it takes 5 French Francs to buy one Pound of the
Brie cheese in France, while an identical product costs one
dollar in the U.S., the purchasing power parity exchange
rate between the French Franc and the dollar is 5 to 1,
which is often quite different from the exchange rate.
The OECD-EUROSTAT methodology in computing the
expenditure PPPs begins by breaking down the GDP into
hundreds of individual categories known as the 'basic
headings' for which the participating countries in the
project were expected to supply expenditure weights.
Examples of 'basic headings' include, cheese, meat products
and single family housing.

In the next step, a number of

products within each basic heading such as beef, poultry and
pork were identified.

These prices, were averaged in an

appropriate manner that which result in the data needed for
the computation of the purchasing parities at the level of
the 'basic heading '.86 In this process special care was
exercised by the OECD-EUROSTAT to account for the
expenditures on the publicly financed goods and services

86 For a detailed account of the OECD's methodology, see
Ward (1985) and Blades and Roberts (1986).
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such as education, health care, and public transportation.
The final and detailed results of the OECD-EUROSTAT project
for the PPP conversion factors for the year 1980 is reported
in Ward (1985).

The OECD-EUROSTAT PPP results for the GDP

and its components is reported in Ward (1985) and is
reproduced in Table 5.1.
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T able

5 .1

Purchasing Power Parities for GDP and its Components. 1980
National Currencies per U.S. Dollar
TRANCE

U.K.

CANADA JAPAN

U.S.

FOOD, BEVERAGES AND TOBACCO 4.97

0.501

0.98

325

0.909

CLOTHING AND FOOTWEAR

6.54

0.484

0.94

237

0.882

GROSS RENT, FUEL AND
POWER

5.34

0.458

1.03

243

1.041

HOUSEHOLD EQUIPMENT AND
OPERATION

6.22

0.574

1.09

221

0.871

TRANSPORT AND
COMMUNICATION

6.13

0.675

1.01

230

0.891

MISCELLANEOUS GOODS
AND SERVICES

4.90

0.481

1.06

244

1.054

COLLECTIVE CONSUMPTION
OF GOVERNMENT

5.17

0.383

1.36

192

1.114

GROSS FIXED CAPITAL
FORMATION:
CONSTRUCTION
MACHINERY AND EQUIPMENT

4.58
6.13

0.646
0.650

1.06
0.93

276
208

0.956
0.904

GROSS DOMESTIC PRODUCT

5.25

0.487

1.08

240

1.000

Source: Reconstructed from Ward (1985) P. 87.
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3. The OECD-EUROSTAT Expenditure Purchasing P o m Parity
Factors and the sectoral Prices* The Methodology
The first step in generating the proposed unique
aggregate and sectoral price indices is to divide the
economies of the U.S., Canada, Japan, France and the U.K.
into two sectors: the tradable-goods sector and the
nontradable-goods sector.

The tradable-goods or the

'exposed' sector includes those goods and services that are
subject to and are influenced by the international price
competition.

The nontradable-goods or the 'sheltered'

sector consists of those economic activities that are, at
least in the short-run, insulated from competitive world
prices.

The expenditure categories considered in the

exposed sector include the consumption of food, beverages
and tobacco, clothing and footwear, furniture and household
equipment, and investment expenditures on machinery and
equipment.

The major categories of expenditures that make

up the sheltered sector include: gross rent, fuel and
power87, transportation and communication, other services
from consumption, construction expenditures (residential and
commercial including government facilities) from the
investment component of the GDP and finally the total
87 Fuel and power are different from the crude oil
purchased in the world markets.
It refers to the domestic
energy consumption which, with rare exceptions, are not
imported and distributed directly by the private sector other
than the utility agencies.
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government expenditure .88 This process results in a total
of nine major expenditure categories; four for the exposed
and five for the sheltered sector.
The second step in the construction of sectoral and
total economy prices is to calculate the average bilateral
expenditure weights for each of the nine expenditure items
discussed above for the year 1980 which i3 the OECD-EUROSTAT
base year for the study.

Each

expenditure's weight is the

share of that item in the sector’s total.

The arithmetic

average of expenditure shares for each item for country j
(j- Canada, Japan, France, U.K.) and the U.S. gives the
bilateral expenditure weights.

The steps discussed above

may be followed in Table 5.2 where the U.S. and Canada are
considered.

Column (1) shows the U.S. actual expenditures

for each category in the exposed sector in billions of U.S.
Dollars for the year 1980.

Column (2) presents the

expenditure shares (weights) of each item in the sector's
total.

Canada's actual expenditures for all categories

included in the exposed sector in millions of Canadian
dollar and their respective expenditure shares for each
category are presented respectively in columns (3) and (4)

88 For a discussion on the choice of sectoral price
indices in testing the PPP see Goldstein and Officer (1979)
and Officer (1986).
Officer uses the agriculture, hunting,
forestry, fishing, mining and quarrying and manufacturing
price indices for the traded sector and all other industries
in which the GDP originates in the nontraded sector. Kravis
and Lipsey (1978) have suggested the ratio of the GDP and the
WPI as a proxy for the traded/nontraded price.

95

of Table 5.2.

The arithmetic average of bilateral weights

for each expenditure category in the exposed sector for the
U.S. and Canada are shown in column (5) of Table 5.2.
The next step computes the bilateral PPPs for each
expenditure category using the PPP values for each category
from the OECD-EUROSTAT study for the year 1980.

Using the

information provided in Table 5.1, the PPP between Canada
and the U.S. for each expenditure category is obtained by
dividing the Canada's PPP for that expenditure by its
corresponding PPP for the U.S.

The results of this step are

presented in Column (6 ) of Table 5.2.

In the next step, the

bilateral expenditure weights in column (5) are multiplied
by the PPPs in column (6 ).

The results of this step are

reported in column (7) of Table 5.2.

Finally, the PPP

between Canada and the U.S. for the exposed sector for the
year 1980 is calculated as the weighted sum of the bilateral
PPPs for all expenditure categories in that sector and is
shown in the lower-right corner of the tables.

Similar

steps are followed to produce the bilateral PPPs for the
exposed sector between the U.S. and Japan, the U.S. and
France and the U.S. and the U.K. and the results of these
computations are reported in Tables 5.3 to 5.5
consecutively.
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Table 5.2
COMPUTATION OF EXPOSED SECTOR PPP BETWEEN U.S. AND CANADA
UNITED STATES
(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR•S
EXPENDITURE SECTOR'S
WEIGHT
$ billion
EXPENDITURE C$ million EXPENDITURE
Wi
(1 )

EXPENDITURE
CATEGORIES

CANADA

(2 )

(6 )

(7)
(5)*(6 )

PPPi

Wi * PPPi

FOOD,BEVERAGE
TOBACCO,

349.1

0.430

23316.0

0.359

0.394

1.08

0.426

CLOTHING Si
FOOTWEAR

109.0

0.134

11673.0

0.180

0.157

1.07

0.168

FURNITURE Si
HOUSEHOLD
EQUIPMENT

143.7

0.177

5833.0

0.090

0.133

1.25

0.167

MACHINERY Si
EQUIPMENT

208.8

0.257

24150.0

0.372

0.314

1.03

0.324

TOTAL

810.6

1.000

64972.0

1.000

1.000

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

---

1.100

Table 5.3
COMPUTATION OF EXPOSED SECTOR PPP BETWEEN U.S. AND JAPAN
UNITED STATES
(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR'S
EXPENDITURE SECTOR•S
WEIGHT
$ billion
EXPENDITURE YEN billion EXPENDITURE
Wi
(1 )

EXPENDITURE
CATEGORIES

JAPAN
(2 )

(6 )

(7)
(5)*(6 )

PPPi

Wi * PPPi

FOOD,BEVERAGE
TOBACCO,

349.1

0.430

34045.0

0.379

0.404

357.54

144.572

CLOTHING &
FOOTWEAR

109.0

0.134

10126.0

0.113

0.123

268.71

33.137

FURNITURE &
HOUSEHOLD
EQUIPMENT

143.7

0.177

8112.0

0.090

0.134

253.73

33.903

MACHINERY &
EQUIPMENT

208.8

0.257

37616.0

0.418

0.338

230.09

77.704

TOTAL

810.6

1.000

89899.0

1.000

1.000

Column (5) is the arithmetic average of Columns (2) and (4)
Ppi and USPPi in Column (6) are taken from Table 5.1.

---

289.316

Table 5.4
COMPUTATION OF EXPOSED SECTOR PPP BETWEEN U.S. AND FRANCE
UNITED STATES
(1 )

EXPENDITURE
CATEGORIES

FRANCE
(2 )

(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR'S
EXPENDITURE
SECTOR•S
WEIGHT
$ billion
EXPENDITURE FRANC million EXPENDITURE
Wi

(6 )

(7)
(5)*(6 )

PPPi

Wi*PPPi

FOOD,BEVERAGE
TOBACCO,

349.1

0.430

351.6

0.414

0.422

5.47

2.307

CLOTHING 6
FOOTWEAR

109.0

0. 134

120.7

0.142

0.138

7.41

1.023

FURNITURE &
HOUSEHOLD
EQUIPMENT

143.7

0.177

157.0

0.185

0.181

7.14

1.291

MACHINERY &
EQUIPMENT

208.8

0.257

220.8

0.260

0.258

6.78

1.752

TOTAL

810.6

1.000

850.1

1.000

1.000

---

6.373

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

Table 5.5
COMPUTATION OF EXPOSED SECTOR PPP BETWEEN U.S. AND U.K.
UNITED STATES
(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR'S
EXPENDITURE SECTOR'S
WEIGHT
Wi
$ billion
EXPENDITURE POUND mil
EXPENDITURE
(1 )

EXPENDITURE
CATEGORIES

U.K.

(2 )

(6 )

(7)
(5)*(6 )

PPPi

Wi * PPPi

FOOD,BEVERAGE
TOBACCO,

349.1

0.430

37652.0

0.534

0.482

0.551

0.266

CLOTHING &
FOOTWEAR

109.0

0.134

9875.0

0.140

0.137

0.548

0.075

FURNITURE &
HOUSEHOLD
EQUIPMENT

143.7

0.177

3436.0

0.049

0.113

0.659

0.074

MACHINERY &
EQUIPMENT

208.8

0.257

19524.0

0.277

0.267

0.719

0.192

TOTAL

810.6

1.000

70487.0

1.000

1.000

---

0.607

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

The procedure to generate the PPP for the sheltered
sector is identical to the process of computing the PPP for
the exposed sector discussed above except there are five
instead of four expenditure categories to be considered.
The 1980 U.S. and Canada's expenditures on rent, fuel and
power, transportation and communication, investment
expenditures on residential and commercial construction,
expenditures on other goods and services and expenditures by
government for U.S. and Canada are presented in columns (1)
and (3) in Table 5.6.

The expenditure shares for each

category as a percent of the sheltered sector's total
expenditure for the U.S. and Canada are reported in Columns
(2) and (4) in Table 5.6.

The average bilateral expenditure

weights for each expenditure category are shown in Column
(5).

Using the PPP data from Table 5.1, the PPP for each

category in the sheltered sector is obtained by dividing the
Canada's PPP for that expenditure category by its
corresponding PPP for the U.S.
Column (6 ) in Table 5.6.

The results are reported in

The bilateral weights in column

(5) are then multiplied by the PPPs in column (6 ) to
generate weighted PPPs and are reported in column (7).
Finally, the PPP between the U.S. and Canada for the
sheltered sector is calculated as the sum of the weighted
bilateral PPPs in column (7) and is shown in the lower-right
corner of the table.

The PPP between the U.S. and Japan,

the U.S. and France and the U.S. and the U.K. for the
101

sheltered sector are produced similarly and reported in
Tables 5.7 to 5.9 consecutively.
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Table 5.6
COMPUTATION OF SHELTERED SECTOR PPP BETWEEN U.S. AND CANADA
UNITED STATES
(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR•S
EXPENDITURE SECTOR•S
WEIGHT
$ billion
EXPENDITURE C$ million EXPENDITURE
Wi
(1 )

EXPENDITURE
CATEGORIES

CANADA

(2 )

(6)

(7)
(5)*(6 )

PPPi

Wi * PPPi

RENT,FUEL &
POWER

335.8

0.177

6288.0

0.028

0.103

0.99

0.101

TRANSPORT fc
COMMUNICATION

238.5

0.126

42803.0

0.191

0.158

1.13

0.179

RESIDENTIAL &
COMMERCIAL
CONSTRUCTION

556.4

0.293

76064.0

0.339

0.316

1.01

0.319

OTHER GOODS &
SERVICES

236.4

0.125

39915.0

0.178

0.151

1.11

0.168

GOVERNMENT
EXPENDITURES

530.4

0.280

59250.0

0.264

0.272

1.22

0.332

1897.5

1.000

224320.0

1.000

1.000

TOTAL

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

---

1.100

Table 5.7
COMPUTATION OF SHELTERED SECTOR PPP BETWEEN U.S. AND JAPAN

(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR'S
EXPENDITURE SECTOR'S
WEIGHT
$ billion
EXPENDITURE YEN billion EXPENDITURE
wi
(1 )

EXPENDITURE
CATEGORIES

JAPAN

(2 )

(6 )

(7)
(5)*(6 )

PPPi

Wi * PPPi

RENT,FUEL &
POWER

335.8

0.177

25033.0

0.200

0.188

233.43

43.994

TRANSPORT &
COMMUNICATION

238.5

0.126

14072.0

0.112

0.119

258.14

30.731

RESIDENTIAL &
COMMERCIAL
CONSTRUCTION

556.4

0.293

47198.0

0.377

0.335

231.5

77.581

OTHER GOODS &
SERVICES

236.4

0.125

15317.0

0.122

0.123

288.7

35.645

GOVERNMENT
EXPENDITURES

530.4

0

.280

23568.0

0.188

0.234

172.35

40.312

1.000

125188.0

1.000

1.000

TOTAL

1897.5

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

---

228.263
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UNITED STATES

Table 5.8
COMPUTATION OF SHELTERED SECTOR PPP BETWEEN U.S. AND FRANCE
UNITED STATES
(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR'S
EXPENDITURE
SECTOR•S
WEIGHT
$ billion
EXPENDITURE FRANC billion EXPENDITURE
Wi
(1 )

EXPENDITURE
CATEGORIES

FRANCE

(2 )

(6 )

(7)
(5) *(6 )

PPPi

Wi * PPPi

RENT,FUEL &
POWER

335.8

0. 177

287.6

0.142

0.160

5.13

0.819

TRANSPORT &
COMMUNICATION

238.5

0

.126

273.6

0.136

0.131

6.88

0.899

RESIDENTIAL &
COMMERCIAL
CONSTRUCTION

556.4

0.293

545.6

0.270

0.282

4.65

1.310

OTHER GOODS &
SERVICES

236.4

0.125

394.2

0.195

0.160

7.09

1.134

GOVERNMENT
EXPENDITURES

530.4

0.280

517.5

0.256

0.268

4.64

1.243

1897.5

1.000

2018.5

1.000

1.000

TOTAL

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

---

5.406

Table 5.9
COMPUTATION OF SHELTERED SECTOR PPP BETWEEN U.S. AND FRANCE
UNITED STATES
(3)

(4)

(5)
AVERAGE
PROPORTION OF
PROPORTION OF BILATERAL
EXPENDITURE SECTOR'S
EXPENDITURE
SECTOR'S
WEIGHT
$ billion
EXPENDITURE POUND million EXPENDITURE
Wi
(1 )

EXPENDITURE
CATEGORIES

U.K.

(2 )

(6 )

(7)
(5)*(6 )

PPPi

Wi * PPPi

RENT,FUEL &
POWER

335.8

0.177

27049.0

0.172

0.174

0.439

0.077

TRANSPORT &
COMMUNICATION

238.5

0.126

6422.0

0.041

0.083

0.757

0.063

RESIDENTIAL &
COMMERCIAL
CONSTRUCTION

556.4

0.293

53036.0

0.337

0.315

0.501

0.158

OTHER GOODS &
SERVICES

236.4

0.125

22037.0

0.140

0.132

0.675

0.089

GOVERNMENT
EXPENDITURES

530.4

0.280

49027.0

0.311

0.295

0.343

0.101

1897.5

1.000

157571.0

1.000

1.000

---

0.488

TOTAL

Column (5) is the arithmetic average of Columns (2) and (4)
PPi and USPPi in Column (6) are taken from Table 5.1.

The total economy PPP between the U.S. and Canada is
computed in three similar steps and is presented in Table
5.10.

First, the expenditure weights are computed for each

country's exposed sector and are shown in columns (2 ) and
(4).

Next, these sectoral expenditure weights are averaged

to obtain the bilateral sectoral weight and are reported in
column (5) of Table 5.10.

The sectoral weight is then

multiplied by the exposed sector PPP for the U.S. and Canada
obtained from Table 5.2.

Secondly, the U.S. and Canada's

expenditure weights for the sheltered sector are averaged
and reported in column (5).

The resulted bilateral weight

is then multiplied by the PPP for sheltered sector obtained
from Table 5.6.

Thirdly, the total economy PPP is computed

as the sum of the two weighted sectoral PPPs generated in
steps one and two above.

The total economy PPP between the

U.S. and Canada is reported in the lower-right corner of
Table 5.10.

Table 5.10 presents the three PPPs, one for the

tradable-goods or the exposed sector, one for the
nontradable-goods or the sheltered sector and one for the
total economy.

Identical steps are followed to compute the

total economy PPPs between the U.S. and Japan, the U.S. and
France, the U.S. and the U.K.

The results are presented in

Tables 5.11 to 5.13 consecutively.
As may be seen from Table 5.10, Canada-U.S. sectoral
PPPs are almost identical.

This finding is not surprising,

given Canada's high level of economic integration with the
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U.S. However, the sectoral PPPs for Japan, France and U.K.
are quite different.

This information is rather revealing

particularly in the context of comparing PPPs and the
exchange rates.

For example, from Table 5.11, Japan's PPP

for the tradable-goods for the year 1980 is 289.6, while the
exchange rate for the same year (quarterly average) is
226.74 Yen per U.S. Dollar.

This suggests that based on the

actual Purchasing power parity, the Yen was over valued visa-vis the U.S. Dollar in 1980.

In fact the exchange rate

was closer to the PPP for the nontradable-goods for the same
year.
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Table 5.10
COMPUTATION OF TOTAL ECONOMY AND COMPARISON WITH SECTORAL PPP
BETWEEN U.S. AND CANADA
UNITED STATES

CANADA

(3)
(4)
(2 )
PROPORTION
PROPORTION
EXPENDITURE
OF
EXPENDITURE
OF
$ billion
GDP
C DOLLAR Million
GDP
(1 )

EXPOSE

(5)

(6 )

Wi

PPP

810.6

0.299

64572.0

0.224

0.261

1. 1

SHELTERED

1897.7

0.701

224320.0

0.776

0.739

1 .1

TOTAL ECONOMY
(GDP)

2708.3

1.000

288892.0

1.000

—

1.1

Note: Due to exclusion of some of the expenditure categories from the
computation of sectoral PPPs, the sum of Exposed and Sheltered total
expenditures does not equal to the GDP.

Table 5.11
COMPUTATION OF TOTAL ECONOMY AND COMPARISON WITH SECTORAL PPP
BETWEEN U.S. AND JAPAN
UNITED STATES
(1 )

(2 )
PROPORTION
EXPENDITURE
OF
$ billion
GDP
EXPOSE

JAPAN
(3)
EXPENDITURE
YEN billion

(4)
PROPORTION
OF
GDP

(5)

(6 )

wi

PPP

810.6

0.299

89899.0

0.418

0.359

289.60

SHELTERED

1897.7

0.701

125188.0

0.582

0.641

228.30

TOTAL ECONOMY
(GDP)

2708.3

1.000

215087.0

1.000

—

250.28

Note: Due to exclusion of some of the expenditure categories from the
computation of sectoral PPPs, the sum of Exposed and Sheltered total
expenditures does not equal to the GDP.

Table 5.12
COMPUTATION OF TOTAL ECONOMY AND COMPARISON WITH SECTORAL PPP
BETWEEN U.S. AND FRANCE

(1 )

(2 )
PROPORTION
EXPENDITURE
OF
$ billion
GDP

FRANCE
(3)

(4)
PROPORTION
EXPENDITURE
OF
FRANC billion
GDP

(5)

(6 )

Wi

PPP

810.6

0.299

850.1

0.306

0.303

6.400

SHELTERED

1897.7

0.701

1927.0

0.694

0.697

5.400

TOTAL ECONOMY
(GDP)

2708.3

1.000

2777.1

1.000

—

5.703

EXPOSE

Note: Due to exclusion of some of the expenditure categories from the
computation of sectoral PPPs, the sum of Exposed and Sheltered total
expenditures does not equal to the GDP.
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UNITED STATES

Table 5.13
COMPUTATION OF TOTAL ECONOMY AND COMPARISON WITH SECTORAL PPP
BETWEEN U.S. AND U.K.
UNITED STATES
(1 )

(2 )
PROPORTION
EXPENDITURE
OF
$ billion
GDP
EXPOSE

U.K.
(3)

(4)
PROPORTION
EXPENDITURE
OF
POUND million
GDP

(5)

(6 )

Wi

PPP

810.6

0.299

70487.0

0.309

0.304

0.607

SHELTERED

1897.7

0.701

157571.0

0.691

0.696

0.488

TOTAL ECONOMY
(GDP)

2708.3

1.000

228058.0

1.000

—

0.524

Note: Due to exclusion of some of the expenditure categories from the
computation of sectoral PPPs, the sum of Exposed and Sheltered total
expenditures does not equal to the GDP.

To test empirically the PPP models require

quarterly

time series of PPPs which will be evaluated versus the
exchange rate.

Unfortunately, the cost

associated with

computing actual PPPs are significantly high even for large
international organization such the OECD and EUROSTAT.

To

deal with cost considerations associated with data
collection, the standard methodology is to use the
established benchmark sets of PPPs for the year 1980 and
then backdate and update PPPs with the help of price
indices .89

The equation for this procedure say for the PPP

between the U.S. and the U.K. is:
US-UK

pUK

PPP, = PPP1980 X

P°St

If the price indices P,* and Pus truly represent price
movements in each country, then, given the 1980 computed
PPPs, time series of PPP for each year before and after the
survey year can be generated.

Generalizing this formula to

the division of the economy into two sectors will give the
following equation,

h
PPP, = PPP1980

PDEFj,

x

----

,

[5.1]

P D E F b,

89 For a reference on this methodology see Ward (1985) and
Blades and Roberts (1987).

113

where P D E F V and POEF**^ are the price deflators of the
sector h in country i and the U.S. -the base country- in
year t and PPPht is the PPP for sector h (h* tradable-goods,
nontradable-goods and total economy) in year t.
The approach above requires the use of price deflators
that closely represent price movements in each sector and
the total economy.

There are a number of indexing methods

that are widely used to describe the relative changes in
prices and quantities.

Among these methods include the

simple aggregate method, the simple average of relatives
method, the weighted aggregate method which includes the
Laspeyres (base-period weights) index and the Paasche
(fixed-period weight) index .90

All of the above price

indices suffer from the disadvantage that they use either a
fixed-year price or a fixed-year quantity or a combination
of the two when the index is computed.

In this dissertation

the divisia index method is used to generate the price index
series needed to create PPP time series of PPP so the
proposed models can be tested.

The divisia index method

used in aggregating individual price indices are superior to
other price aggregation techniques since it takes into
consideration the price differences in different periods.
The rate of growth of a divisia price index is equal to a

90 For a thorough theoretical and practical discussion of
price indices see Hill (1988) and Fleischer (1984), Chapter

10.
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weighted average of

the rate of growth of its components'

price which are the

relative shares of each

component inthe

total .91
Using the divisia index method, guarterly prices for
the exposed sector, the sheltered sector and the total
economy are produced using the individual price and quantity
indices for each expenditure
sector, the divisia

category .92 For

index is computed using

the exposed
price and

quantity indices for food, beverage and tobacco, clothing
and footwear, furniture and household equipment, and
investment expenditures on machinery and equipment.
Similarly, the divisia index for the sheltered sector is
calculated using the price and quantity indices for gross
rent, fuel and power, transportation and communication,
other services from consumption, construction expenditures
(residential and commercial including government facilities)
from the investment component of the GDP and finally the
total government expenditure.

The total economy divisia

91 A discussion on the Divisia Index numbers can be found
in Appendix A. Miller (1984) used the Divisia index number
technique to generate aggregate price indices in testing the
$/£, $/DM and $/FF for the period 1973:1 to 1980:4. Applying
the same approach to the intra-European rates, Miller found a
greater support for the relative PPP theory.
He attributes
the improved results to the lower transport costs, greater
economic integration and currency arrangements such as the EMS
(the
European
Monetary
System)
among
the
continental
countries.
92 The divisia indices are generated using COMB weighing
which is the geometric averages of 1 ) the arithmetic averages,
2) the shares at rime t and time t-1. For a reference to this
procedure see TSP Reference Manual version 4.0, p. 61.

115

index is constructed by including price and quantity indices
for all the nine expenditure categories (four for the
exposed sector and five for the sheltered sector).

The

numerical values of these divisia price indices for the
U.S., Canada, Japan, France and the U.K. are reported in
Tables Cl to C5 in Appendix C.
Plots of these unique divisia indices for the tradablegoods, the nontradable-goods and the total economy are
presented in Figure 5.1 to Figure 5.5.
U.S. divisia indices.

Figure 5.1 shows the

It is worth noting that compared with

tradable-goods prices, the price index of the nontradablegoods follows more closely the total economy price index.
This is not surprising given the growth of services and the
fact that despite its volume, the total U.S. foreign trade
remains a relatively small portion of its aggregate output.
The price trends for Canada, shown in Figure 5.2 are very
similar to those in the U.S.

Japan's prices shown in Figure

5.3 exhibits trends that are similar to the U.S. and Canada
but with a narrower gap between the sectoral prices.

This

is to be expected given the current high level of import
barriers in Japan.

In fact it is not uncommon to be able to

purchase the Japanese stereo at a lower cost in New York
than in Tokyo.

Interesting cases in terms of sectoral price

trends are France and the U.K.

The sectoral and total

economy divisia indices for France shown in Figure 5.4 are
very close to each other with the sheltered sector prices
116

showing signs of higher inflation in 1985 and 1986.
However, this result is not surprising, given the structure
of the French economy in terms of the strength of trade
unions and lagging competitiveness in international trade.
The plot of U.K. prices in Figure 5.5 reveal a seasonal
pattern, with the sheltered and total economy following each
other very closely.

However, the exposed sector prices

appear not to be immune from this cyclical price behavior.
This behavior is due to the presence of seasonality in food,
beverages and tobacco, clothing and footwear, and furniture
and household equipment series in the exposed sector and
construction, transportation and communication in the
sheltered sector.

The exposed sector prices for the U.S.

and Canada show a more drastic departure from the prices of
the total economy and the sheltered sector which reflect
their improved productivity in that sector.
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FIGU RE 5 . 1
U .S. : S E C T O R A L A N D T O T A L ECONOMY D I V I S I A P R I C E IN D I C E S
1980 = 1

118

1.25

I no

0.75

980
TOTAL

ECONOMY

EXPOSED

982

SECTOR

984

986

SHELTERED

SECTOR

FIQURE 5 . 2
CANADA: SE C T O R A L A ND T O T A L ECONOMY D I V I S I A P R I C E IN D IC E S
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JAPAN: SECTORAL AND TOTAL ECONOMY DIVISIA PRICE INDICES.
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FIGU RE 5.4
FRANCE: SECTORAL AND TOTAL ECONOMY DIVISIA PRICE INDICES
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U.K. : SECTORAL AND TOTAL ECONOMY DIVISIA PRICE INDICES.
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4. Testable Models of the Tradable Hypothesis
In this section the original and the modified
formulations of the purchasing power parity-based models
that include the tradable-goods hypothesis are presented in
their testable form.

The first model is the original

relative purchasing power parity theory presented by
Equation [2.3] in Chapter Two and is reproduced in its
testable form here,

s = a, + a2(p - p*) + ea,

[5.2]

where s is the logarithm of the exchange rate and p (p*) is
the log of an aggregate (total economy) price index at home
(abroad) and e, is the stochastic error term.

In Equation

[5.2] the maintained hypothesis for the relative PPP to hold
is that the coefficient of the relative aggregate price is
statistically equal to unity, that is H0: a2=l.

The

absolute purchasing power parity hypothesis may also be
tested in Equation [5.2], by maintaining that in addition to
the price coefficient, the constant term, a^

is

statistically not different from zero.
The empirical results of the above model will be
compared with the tradable-goods hypothesis formulation of
the relative PPP specified by,
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s = b, + b2(pT - pT.) + eb,

[5.3]

where pT (p*T) is the log of tradable-goods sector price
index at home (abroad) and eb is the stochastic error term.
Similar to the aggregate price model, we expect the relative
tradable-goods price coefficient, b2, to be statistically
not different from one for testing the relative PPP.

For

the absolute PPP, the joint hypotheses that H0: b,=0, and
b2=l must hold.
To investigate the effect of structural change on the
performance of the PPP models discussed in Chapter Four, an
alternative model to Equation [5.2] was proposed which
examines the effect of changes in the relative internal
prices on the exchange rate.

The proposed model, presented

in Equation [4.10] is reproduced here,

s = c, + c2(p - p*) + c3 [(px - p*i) - (pT* - pM*)] + ec,
[5.4]

where pT (p*T) and pM (p*N) are the logs of the price indices
for tradable-goods and nontradable-goods sectors at home
(abroad) and ec is the stochastic error term.

For the

relative PPP, the maintained hypotheses are H0: c2=l, and
c3=0.

Additionally, if cx is statistically equal to zero,

then the absolute PPP also holds.

Failure to reject the

null hypothesis on the coefficient of the relative internal
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price differential suggests that, in the long-run, any
internal relative price movements caused by structural
change has statistically no significant effect on the
outcome of the relative PPP model.
The next set of models to be tested are the monetary
models of exchange rate.

The first monetary model to be

examined is the original formulation initially introduced in
Chapter Two in Equation [2.12], and is reproduced for
convenience with a constant and an stochastic error terms eg
added,

s = g, + g2(m - m*) + g3(y - y*) + g4(i - i*) + e9.
[5.5]

The maintained hypotheses are H0: g2=l, gj>0 and g*<0.
The next testable monetary model is the real interest
rate differential presented in Equation [2.16] in Chapter
Two and is reproduced here with an added constant and the
error term e,,

s = ji + j2(m - m*) + j3 (y - y*) + j4(i - i*) + js(T - t*) +
[5.6]
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er

The money supply coefficient is expected to be positive and
statistically not different from unity, while the
coefficients of the relative income and inflation are
assumed to be negative.

The sign of the interest rate

differential is subject to a theoretical controversy between
the Keynesian 'fixed-price' and the Chicago-type 'flexibleprice' postulates.

The fixed-price models assume that a

higher relative interest rate reflect a higher money demand
conditions at home which causes the exchange rate to
appreciate.

The flexible-price models link the interest

rate differential and the exchange rate through the
inflation expectation differential.

A higher expected

inflation at home will reduce the demand for home currency
and cause the exchange rate to depreciate.
The proposed general modified monetary model that
incorporates the tradable-goods hypothesis was introduced in
Equation [4.14] and is reproduced here,

s = d! + d2(m - m*) + d3(y - y*) + d4(i - i*) +
ds[ (Pt " Pm)-(Pt* " P m*)] + ed.
[5.7]

In addition to the expected magnitude and signs of the
original monetary model discussed above, the maintained
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hypothesis in Equation [5.7] is H0: d5= 0 .93

That is, in the

long-run, the purchasing power parity-based monetary model
of exchange rate is unaffected by variations in the relative
internal price differential caused by structural change.
Similarly, the real interest rate differential model
described in

Equation [5.6] may also be modified by adding

the relative

internal price ratio to the independent

variables,

s = ^

+ h?(m - m*) + h3(y - y*) + h4(i - i*) + h5(r -

r*)

+ h6 [(pT - pN)-(Pr‘ - pM*)] + eh,
[5.8]

where eh is the stochastic error term.

The hypotheses

associated with PPP models presented in this section are
summarized in Tables 5.14 and 5.15.

The maintained

hypotheses for all monetary models are summarized in Tables
5.16 and 5.17.

Table 5.14 shows the aggregate price and the

tradable-goods price PPP models as well as the proposed
modified formulation of the aggregate price.

Table 5.15

presents the original and the real interest rate
differential monetary models as well as their modified

93 Clements and Frenkel
(1980) hypothesize that the
elasticity of the exchange rate with respect to the relative
price should approximate the relative spending on nontradedgoods.
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variations with the relative internal price differential as
an additional independent variable.

The testable hypotheses

associated with the models shown in Table 5.15 are
summarized in Tables 5.16 and 5.17.

Table 5.16 displays the

general real interest rate differential model.

The original

monetary model maybe tested by imposing zero restriction on
the coefficient of the inflation rate differential term.
Table 5.17 repeats the real interest rate differential model
in its modified form.

Once again the modified original

monetary model shown in model (IV) of Table 5.15 may be
tested by imposing zero restriction on the inflation rate
differential variable.
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Table 5.14
Original and tha Tradable-goods PPP Models
Original PPP, Aggregate (Total economy) Price:
(I)

s = a, + a2(p - p*) + e.
For relative PPP, H0: a2=l
For absolute PPP, H0: ai=0 and a2=l
Tradable-goods PPP, Sectoral (Exposed) Price;

(II)

s = b, + b2 (pT - pT*) + eb
For relative PPP, H0: a2=l
For absolute PPP, H0: bi=0 and b2=l

Modified PPP model with Relative Internal Price
Differential Effect:
(III)

s = c, + c2(p - p*) +

C 3 [ (pT-pN)-(pT*-pM*) ]

For relative PPP, H0: c2=l

+ ec

and c3=0

For absolute PPP, H0: C t= 0, and c2=l and c3=0
Note: s is the log of spot exchange rate defined as the $
price of the foreign currency; p (p*) is the aggregate
(total economy price index at home (abroad) ; and pT (p*T) is
the tradable-goods (Exposed) sector price index at home
(abroad); and pN (p*N) is the nontradable-goods (Sheltered)
sector price index at home (abroad).
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Table 5.15
Monetary Models
Original Monetary Model
(IV)

s = g, + g2(m - m*) + g3(y - y*) + g4(i - i*) + eg.

Real Interest Rate Differential Monetary Model:
(V)

s = j, + j2(m - m*) + jj(y - y*) + j4(i - i*) +
j5(T - x*) + ej

Monetary Model with Relative Internal Price Differential
Effect:
(VI) s = di + d2(m - m#) + d3(y - y*) + d4(i - i*) +
<M(Pr " Pm )” (Pt* - Pm*)] + ed

Real Interest Rate Monetary Model with Relative Internal
Price Differential Effect:
(VII) s =

+ h2(m - m*) + h3(y - y*) + h4(i - i*) +
h5(T - t *) + h6[ (pT - pN)-(pT* - pN*)] + eh

Note: s is the log of spot exchange rate; m (m*) is the
nominal money supply at home (abroad); y (y*) is the real
income (GDP in constant currency) at home (abroad); i (i*)
is the nominal interest rate at home (abroad); x (x*) is the
price inflation at home (abroad) ; and pT (P*t) is the
tradable-goods (Exposed) sector price index at home
(abroad); and pK (p*N) is the nontradable-goods (Sheltered)
sector price index at home (abroad).
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Table 5.16
The maintained Hypotheses for the Original and the Real
Interest Rate Differential Monetary Models: (IV) and (V)
MODEL

(m - m*)

(y - y*>

(i - i*)

D ornbusch

9 2 , j2“ l

9 3 / j3<0

9 4 / j4<0

35=0

F rankel

92/32=1

9 3 / j3<0

9 4 / j4<0

j 5> 0

B ilso n

9 2 /j2= l

9 3 / j3<0

94, j4> 0

F renkel

92/32=1

9 3 / j3<0

94/34=0
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II

O

in

(V - V*)

j 5> 0

Table 5.17
The Maintained Hypotheses for the Monetary Models with the
Relative Internal Price Differential Effect: (VI) and (VII)
MODEL

(■ - ■*) (y - y*)

(i - i*) (r - »*) (Pt-Pt*)“ (P«-P«*)

Dornbusch d2 1 hjm l

dj,hj<0

d4,h*<0

h5-0

ds,h6=0

Frankel

d2,h2=l

dj,hj<0

d4,h4<0

h5>0

ds, h6=0

Bilson

<^21 h2=l

d 3 ,h3<0

d4,h4>0

h5=0

ds,h6=0

Frenkel

d2,h2=l

dj,hj< 0

d4,h4=0

h5>0

ds,h6=0
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CHAPTER 6
DISCUSSION OF THE EMPIRICAL

RESULTS

In addition to its theoretical soundness, for the
purchasing power parity theory to remain a practical
approach to the exchange rate determination, it must
withstand the empirical inquiry.

In this chapter, the

models presented in the Chapter five will be empirically
tested using unique set of price indices that were generated
in accordance to the methodology discussed in section three
of Chapter 5.
To aid the cross comparison among currencies examined,
the results for each model and for all currencies are shown
in separate tables.94

An additional table is constructed

for each model when estimated in an alternative firstdifference form.

In all cases, two estimation techniques of

the least squares (LS) and the instrumental variables (INST)
have been applied.

Moreover, when supported by the

preliminary results, a correction for the problem of
autocorrelation is made.

In the instance of the least

94 The Pound/Franc rate is the Dollar-cross rate of these
currencies.
In recent years some intra-European exchange
rates are quoted directly. However, in practice any arbitrage
opportunities that may exist in trilateral rates are quickly
eliminated in the currency markets.
Hence for empirical
examinations using direct rates other than the U.S. Dollar
rates is inconsequential.
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squares technique, the Cochrane-Orcutt procedure (CORC) is
employed to correct for the first order serial correlation.
The Fair (FAIR) procedure is applied to the case of
instrumental variables when a similar problem is
suspected.95
Table 6.1 depicts the results of the total economy or
the aggregate price purchasing power parity hypothesis
specified in the level-form.

The maintained hypothesis for

the relative PPP to hold is that the coefficient of the
relative prices is statistically not different from unity.
Failure to reject this hypothesis is synonymous with the
acceptance of the aggregate price PPP in the model
tested.96 In addition, the absolute PPP may also be tested
by maintaining the hypothesis that the constant term is
statistically not different from zero.

From Table 6.1, it

may be seen that the total economy hypothesis is maintained
only in the cases of the U.S. Dollar/French Franc, the U.S.

95 Choice of the instrumental variable technique follows
the assumption that in a free floating regime, exchange rate
and prices are determined endogenously.
In the context of
open economies, prices and exchange rates are often subject to
a similar set of economic forces, particularly among countries
with linked capital and goods markets.
96 The hypothesis to be tested is in the form of y = 0- 1,
where the null and alternative hypotheses are H0: 0 = 1 and H,:
0 ^ 1 respectively.
0
is the estimated coefficient of the
explanatory variable(s). The appropriate statistics is
t-jS-l/s.e.
where s.e.
is the
standard
error of the
coefficient. For values of t<2.04 we fail to reject the null
hypothesis that the coefficient of the relative prices is
significantly different from unity with 95% confidence.
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Dollar/Yen when the CORC technique is used and the U.S.
Dollar/French Franc and Pound/French Franc when the Fair
estimation technique is applied.

In addition, the relative

PPP is supported in cases of the U.S. Dollar/Yen, when
tested usinq the instrumental variables technique with
correction for the first-order autocorrelation.
The results of the aggregate price purchasing Power
Parity model in the transformed first-difference formulation
is shown in Table 6.2.97

Both the absolute and the

relative PPP hypotheses are supported in cases of the U.S.
Dollar/French Franc and the U.S. Dollar/Yen when the CORC
estimation method is used, and the U.S. Dollar/Yen and the
Pound/French Franc rates when the instrumental variables
technique is applied.

Overall, the results in Table 6.2

appear to be very similar to the results Table 6.1,
suggesting that the transformation of the aggregate price
PPP model does not improve the performance of the model.
The findings presented in Tables 6.1 and 6.2, provide a weak
support for the aggregate price approach in testing the
validity of the PPP theory.

97 When time-series are used, it is customary to test the
model in alternative first-difference transformation form.
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Tatole 6.1
PPP Total Economy Hypothesis in Lavala: Quarterly Data
InS

Estimation
Technique

C

lnpppE

P

Rz

CORC

-11.70**
(6.35)

1.88*
(1.17)

0.97

0.97

FAIR

-19.68**
(14.30)

3.75*
(1.77)

0.99

0.96

CORC

-1.00
(0.29)

-0.61
(0.35)

0.94

0.94

FAIR

-1.79**
(1.03)

-1.52
(1.14)

0.96

0.93

CORC

-5.37**
(9.21)

0.20*
(0.71)

0.99

0.91

75:2-88: 1
In($/FF)

72:1-88:1
ln($/£)

72:1-88:1
ln($/¥)
FAIR

-11.12
(3.92)

1.05*
(0.68)

0.95

0.90

CORC

-0.32
(0.14)

-0.06
(0.16)

0.98

0.98

FAIR

-0.31**
(0.17)

-0.19
(0.48)

0.98

0.98

CORC

3.09
(0.67)

-0.48
(0.41)

0.91

0.81

FAIR

2.32**
(3.56)

0.01*
(2.20)

0.91

0.83

72:1-88:1
ln($/C$)

75:1-88:1
ln(£/FF)

InS denotes the logarithm of exchange rate, PPPE stand for the computed total economy
purchasing power parity based on the OECD-EUROSTAT project results and developments in
this thesis. CORC is iterative Cochrane-Orcutt technique for correcting first-order serial
correlation. INST is the instrumental variable technique and FAIR is the two-stage least square
estimation procedure with first-order autocorrelation correction. Instruments include, constant,
time, time squared and lagged values of dependent and independent variables. Standard errors
are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95% confidence.
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Tabla 6. 2
PPP Total Economy Hypothasis in First-diffaranca form:
Quartarly Data
InS

Estimation
Technique

C

Alnppft

D.W.

CORC

-1.04**
(1.48)

-0.37*
(1.17)

1.93

INST

3.53
(1.44)

6.38
(1.85)

1.49

CORC

-0.52
(0.15)

-0.003
(0.002)

1.43

FAIR

-0.51
(0.14)

-0.002
(0.004)

1.43

CORC

1.27**
(1.13)

-0.26*
(0.69)

1.94

FAIR

0.64**
(1.15)

1.09*
(1.02)

1.95

CORC

-0.31**
(0.32)

0.02
(0.12)

1.91

FAIR

-0.29**
(0.33)

0.13
(0.21)

1.91

LS

0.17**
(0.73)

-0.47
(0.37)

2.10

INST

0.43**
(0.73)

-0.68*
(1-39)

2.20

75:2-88:1
Aln($/FF)

72:1-88:1
Aln($/£)

72:1-88:1
Aln($/¥)

72:1-88:1
Aln($/C$)

75:1-88:1
Aln(£/FF)

InS denotes the logarithm of spot exchange rate, p is the final value of the autocorrelation
coefficient, and A denotes the first-difference of the variable. PPPE stand for the computed total
economy purchasing power parities based on the OECD project results and developments in
this thesis. CORC is iterative Cochrane-Orcutt technique for correcting first-order serial
correlation. INST is the instrumental variable technique and FAIR is the two-stage least square
estimation procedure with first-order autocorrelation correction. Instruments include, constant,
time, time squared and lagged values of dependent and independent variables. Standard errors
are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
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The principal objective of this dissertation has been
to establish the empirical superiority of the tradable-goods
sector approach over the total economy formulation of the
PPP.

This approach is imperative given the drastic

structural change caused by large increase in energy prices
accompanied by a sharp decline in commodity prices in the
1970s and the early 1980s.

In this thesis, the PPP theory

is tested using a uniquely constructed internationally
comparable price series.
Tables 6.3 and 6.4 present the results for the
tradable-goods hypothesis PPP by applying the price indices
generated in this thesis.

Estimated in its level-form and

shown in Table 6.3, the tradable-goods PPP satisfies the
null hypothesis for the absolute PPP for the U.S.
Dollar/French Franc and U.S. Dollar/Yen when the CORC
procedure is applied and the U.S. Dollar/French Franc, the
U.S. Dollar/Pound and the Pound/French Franc rates when the
Fair estimation technique is used.

The relative PPP

hypothesis is maintained in cases involving the U.S.
Dollar/Yen with Fair procedure and the U.S. Dollar/Canadian
Dollar with both CORC and Fair estimation techniques.

When

tested in the transformed first-difference form, the
tradable-goods hypothesis PPP performs even better as shown
in Table 6.4.

The absolute and the relative PPP hypotheses

are supported in all cases except the U.S. Dollar/French
Franc and the Pound/French Franc when tested using the least
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squares estimation technique.
Comparing the findings in Tables 6.1 and 6.2 with
Tables 6.3 and 6.4, the tradable-goods hypothesis PPP both
in the original and in the alternative transformed
formulations perform considerably better in support of the
absolute and the relative PPP.

From these results, it may

reasonably be concluded that the source of the empirical
failure of the purchasing power parity theory in the 1970s
has not been the theory, but rather the use of inappropriate
price indices.

The results presented so far demonstrate

that, when an internationally comparable price indices are
constructed, the tradable-goods hypothesis PPP is reaffirmed
as a well established theory of the exchange rate
determination during the 1970s and the 1980s.
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Table 6.3
PPP Tradable Hypothasis in Lavala: Quarterly Data
InS

Estimation
Technique
CORC

75:2-88:1
I n ($/FF)

C

lnpppr

-2.78**
(4.91)

P

R2

0.16*
(0.95)

0.97

0.96

FAIR

-3.37
(56.17)

1.08
(1.85)

0.99

0.96

CORC

-0.68
(0.27)

-0.23
(0.36)

0.94

0.93

FAIR

-0. 01**
(0.56)

0.66
(0.65)

0.95

0.92

CORC

-5.18**
(9.26)

0.23*
(0.49)

0.99

0.91

-10.72
(4.35)

0.97
(0.72)

0.96

0.89

CORC

-0.31
(0.13)

0.77*
(0.25)

0.98

0.98

FAIR

-0.34
(0.10)

0.98
(0.46)

0.98

0.98

CORC

3.84
(0.79)

-0.86
(0.44)

0.88

0.82

FAIR

3.00
(2.59)

-0.38
(1.49)

0.89

0.83

72:1-88:1
In($/E)

72:1-88:1
ln($/¥)
FAIR

72:1-88:1
In($/C$)

75:1-88: 1
In(E/FF)

InS denotes the logarithm of spot exchange rate, p is the final value of the autocorrelation
coefficient. PPPT stand for the computed tradable sector purchasing power parities based on
the OECD-EUROSTAT project results and developments in this thesis. CORC is iterative
Cochrane-Orcutt technique for correcting first-order serial correlation. INST is the instrumental
variable technique and FAIR is the two-stage least square estimation procedure with first-order
autocorrelation correction. Instruments include, constant, time, time squared and lagged values
of dependent and independent variables. Standard errors are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
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Table 6.4
PPP Tradable Hypothesis in First-difference Form: Quarterly Data
InS

Estimation
Technique

C

Alnpppt

CORC

-1.54**
(1.51)

-0.69
(0.76)

1.97

FAIR

0.71**
(2.14)

0.97*
(1.61)

1.99

CORC

0.02**
(0.98)

-0.30
(0.35)

1.96

FAIR

1.23**
(1.34)

0.74*
(0.77)

5.64

CORC

1.20**
(1.09)

0.11*
(0.49)

1.94

FAIR

0.94**
(1.13)

0.26*
(0.52)

1.92

CORC

-0.20**
(0.29)

0.64*
(0.23)

2.01

FAIR

-0.20**
(0.30)

1.00*
(0.83)

1.98

LS

0.16**
(0.71)

-0.78
(0.39)

2.15

INST

0.33**
(0.70)

0.02
(0.75)

2.24

75:2-88:1
Aln($/FF)

72:1-88:1
Aln($/£)

72:1-88:1
Aln($/V)

72:1-88:1
Aln($/C$)

75:1-88:1
Aln(£/FF)

D.W.

InS denotes the logarithm of spot exchange rate, p is the final value of the autocorrelation
coefficient, and A denotes the first-difference of the variable. PPPT stand for the computed total
economy purchasing power parities based on the OECD-EUROSTAT project results and
developments in this thesis. CORC is iterative Cochrane-Orcutt technique for correcting firstorder serial correlation. INST is the instrumental variable technique and FAIR is the two-stage
least square estimation procedure with first-order autocorrelation correction. Instruments
include, constant, time, time squared and lagged values of dependent and independent
variables, long-run inflation differential proxied by long-run interest rate differential and the
logarithmic change of the CPI. Standard errors are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
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Among the criticisms laid against the purchasing power
parity, even as a long-run theory of exchange rate, is the
situation in which the economy experiences changes that are
non-monetary in nature.

If monetary conditions are similar

at home and abroad, then any structural change caused by
real shocks and productivity differentials becomes the
primary determinant of the exchange rate movements.

Under

these conditions, the selection of pertinent price indices
that are internationally comparable becomes critical.

In

this context Frenkel (1981) wrote:
"Further, when the economy experiences real
structural changes which require adjustments of
relative prices, Purchasing Power Parity may not
be satisfied even in the long run."98
Using the cost-of-living and the wholesale price
indices, Frenkel (1981) examined the internal price movement
in the U.S., the U.K., France and Germany in the 1970s.
Based on his findings, Frenkel attributed the failure of the
PPP in the 1970s, particularly with respect to the French
Franc and the Mark, to drastic internal relative price
variations.

Oscillation in the relative domestic price of

tradable-goods and nontradable-goods often reflect
productivity differentials in the labor market.

This

phenomenon, at least in the short-run, leads to sectoral
wage disparities, which exacerbate the sectoral price

98 Frenkel 1981, p. 162.
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differentials.99 Higher production costs and prices in the
nontradable-goods sector will induce resource-switching and
shifts in the supply of and the demand for traded-goods and
nontraded-goods.

This will in turn have a direct influence

on the currency markets and the exchange rate.
Figures 6.1 to 6.5 show the price ratio of nontradedgoods to traded-goods for the U.S., Canada, Japan, France
and the U.K.

The U.S. and the Canadian experiences shown in

Figures 6.1 and 6.2 exhibit a general upward trend.

The

U.S. and the Canadian relative sectoral price trend closely
follows their actual experiences in productivity and
international price competitiveness.100 The Japan's
experience depicted in Figure 6.3 displays a steady but less
volatile increase in the relative price of nontradable-goods
sector for most of the period under study.

The Japan's

relative price movement corresponds to her slow but steady
decline in the rate of productivity growth in the service
sector.

The French economy presented in Figure 6.4 exhibits

a leveling off in the ratio of sheltered sector to exposed
sector prices in the second half of the 1970s and the early
1980s.

This result matches the economic restructuring that

99 For a reference on the role of wages
productivity see Dornbusch (1980), Chapters 4-6.

and

labor

100 Figure 6.1 shows a drastically different results
compared to Frenkel's diagram for the U.S. in 1970s. This can
be attributed to the fact that the cost-of-living and the
wholesale price indices are not comparable to the sectoral
traded-goods and nontradable-goods prices constructed in this
dissertation.
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took place in France during this period.

The situation for

the U.K. depicted in Figure 6.5., may be classified as an
extreme oscillation with a persistent downward trend.101
This result is not surprising for the U.K. which is
characterized by large declines in labor productivity in the
1970s and the 1980s.

101 Frenkel (1981) using monthly data for the U.K. showed
similar
trend
but
ironically
with
considerably
less
oscillation compared to the quarterly data used here.
This
may be attributed to price subsidies in the consumer goods'
sector and sluggish adjustments in the wholesale prices.
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Figure 6.3
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Figure 6.5
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To investigate the effect of sectoral relative price
variations discussed above, the next section presents the
empirical results of the modified versions of the purchasing
power parity with the ratio of the internal relative prices
as an added right-hand-side argument.102

The purpose is to

determine whether changes in the relative prices caused by
real shocks affect the performance of the PPP in the longrun.

The maintained hypothesis is that the coefficient of

the relative internal price differential is statistically
zero, leading to the conclusion that the exclusion of the
term from the model is inconsequential.

Once again it must

be noted that the coefficient of relative internal price
differential is composed of a stochastic term and a non
stochastic term which is the share of the non-tradable goods
in the aggregate price level.
The results for the modified aggregate price purchasing
power parity model formulated in the level-form are shown in
Table 6.5.

Among the currencies tested, the absolute PPP

hypothesis holds for the U.S. Dollar/French Franc, the U.S.
Dollar/Canadian Dollar and Pound/French Franc when the
instrumental variables estimation procedure is applied.
Both the absolute and relative PPP hypotheses are maintained
in the case of the U.S. Dollar/Yen rate when estimated using
CORC and FAIR techniques respectively.

The relative PPP is

102 The relative internal price ratio is composed of the
sectoral price indices developed in this thesis.
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supported only in the case of the U.S. Dollar/French Franc
rate when estimated using the least squares technique.

In

all cases except the U.S. Dollar/Pound and the U.S.
Dollar/Canadian Dollar and the Pound/French Franc105 the
maintained hypothesis that the relative internal price
differential has no significant effect on the performance of
the PPP models cannot be rejected.
Table 6.6 presents the results of the aggregate price
model with internal relative price differential effect in
the first-difference form.

The absolute PPP hypothesis is

maintained in all cases except the U.S. Doliar/French Franc
rate when instrumental variable technique is used and the
Pound/French Franc when estimated using CORC procedure.
Furthermore, the hypothesis that the coefficient of relative
internal price differential is statistically zero can not be
rejected in all but two cases involving the U.S.
Dollar/Canadian Dollar and the Pound/French Franc.

Based on

these findings we cannot reject the null hypothesis that the
relative internal price term may be dropped from the model
with negligible consequences to the performance of the
model.

105 Only when the CORC estimation technique is applied.
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Table 6.5

Purchasing Powar Parity vith Ralativa internal Price
Differential Effect in Levels: Quarterly Data
InS

Estimation
Technique

C

ln(P/P*) ln(PT/PN-*>*T/P*N)

P

R2

CORC

-11.95
(5.14)

1.89*
(0.96)

-1.46**
(1.29)

FAIR

-18.42**
(9.59)

3.15*
(1.74)

-1.40
(2.51)

0.98 0.96

CORC

-0.97
(0.32)

-0.57
(0.39)

0.07**
(0.28)

0.94 0.93

FAIR

-0.98
(0.45)

-0.55
(0.59)

-0.622
(0.27)

0.93 0.92

CORC

-4.57**
(16.14)

0.16*
(0.72)

0.28**
(0.45)

0.99 0.91

FAIR

-11.29
(3.72)

1.08*
(0.66)

0.01
(0.58)

0.94 0.89

CORC
72:1-88:1

-0.30
(0.12)

0.65*
(0.29)

0.57
(0.19)

0.98 0.98

-0.30**
(0.17)

0.10*
(1.13)

0.06**
(0.64)

0.98 0.98

CORC

3.67
(0.78)

-0.85
(0.49)

-0.60
(0.37)

0.88 0.82

FAIR

1.68**
(2.75)

0.40
(1.72)

-0.09
(0.90)

0.90 0.82

75:2-88:1
ln($/FF)

72:1-88:1
ln($/£)

72:1-88:1
ln($/¥)

ln(5/C$j,

75:1-88:1
ln(£/FF)

*

*#

0.95 0.96

InS denotes the logarithm of exchange rate, p is the final value of the autocorrelation
coefficient. (P/P*) and (PT/PN) stand respectively for the economy and the internal relative Divisia
Price indices. CORC is iterative Cochrane-Orcutt technique for correcting first-order serial
correlation. INST is the instrumental variable technique and FAIR is the two-stage least square
estimation procedure with first-order autocorrelation correction. Instruments include, constant,
time, time squared, lagged values of dependent and independent variables, long-run inflation
differential proxied by long-run interest rate differential and the logarithmic change of the CPI.
Standard errors are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
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Tabl* 6.6
Purchasing Powar Parity with Ralativa Intarnal Prica
Diffarantial Effact in First-diffaranca Form: Quartarly Data
InS

Estimation
Technique

C

Ain (P/P*) Aln(PT/PM-i-P*T/P*M)

D.W.

CORC

-1.20**
(1.52)

-0.55*
(1.21)

-0.66
(1.15)

1.96

INST

3.30
(1.50)

6.24
(1.90)

-2.06
(3.08)

1. 62

CORC

-0.23**
(0.98)
**
1.28
(1.76)

0.62*
(0.40)
*
0.45
(1.29)

0.006**
(0.27)
*•
1.81
(1.46)

1.96

1.34**
(1.13)
*S
0.59
(0.84)

-0.21*
(0.69)
*
0.92
(0.79)

0.3 3**
(0.36)
**
-0.55
(0.98)

1.93

0.48
(0.18)

2.01

0.55
(0.67)

2.00

75:2-88:1
ln($/FF)

72:1-88:1
ln($/£)
INST

CORC
72:1-88:1
ln($/¥)
INST

1. 69

1.26

CORC

_ __•*
-0.17
(0.30)

FAIR

-0.12
(0.37)

0.64*
(0.26)
*
0.94
(1.04)

LS

0.17**
(0.72)

-0.79
(0.43)

-0.51**
(0.35)

2.15

FAIR

-0.01**
(1.49)

0.78*
(3.89)

-1.79
(4.57)

2 .17

72:1-88:1
ln($/C$)

75:1-88:1
ln(£/FF)

InS denotes the logarithm of exchange rate and A denotes the first-difference of the variable.
(P/P*) and (PT/PN) stand respectively for the economy and the relative internal divisia price
indices. CORC is iterative Cochrane-Orcutt technique for correcting first-order serial correlation.
INST is the instrumental variable technique and FAIR is the two-stage least square estimation
procedure with first-order autocorrelation correction. Instruments include, constant, time, time
squared and lagged values of dependent and independent variables. Standard errors are in
parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
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For completeness, the remainder of this chapter is
devoted to the empirical estimation of the standard and the
modified versions of the monetary models of exchange rate
presented in Table 5.15 and with summarized hypotheses in
Tables 5.16 and 5.17.

Once again, all models are estimated

by the least squares and the instrumental variables
techniques.

In addition, when detected, an appropriate

correction for the problem of first-order autocorrelation is
applied.
The first monetary model tested is the nominal interest
rate differential.

The maintained hypotheses are that the

coefficient of the relative money supply is statistically
not different from unity and the coefficient of the relative
income is negative.

The expected sign of the nominal

relative interest rates differential is subject to a
theoretical disagreement between the fixed-price and the
flexible-price monetary models.104
The empirical results of the nominal interest rate
monetary model are presented in Table 6.7.

The hypothesis

that the coefficient of relative money supply is
statistically equal to unity cannot be rejected for the U.S.
Dollar/French Franc, the U.S. Dollar/Yen and the U.S.
Do liar/Canadian Dollar rates.105 The relative income
104 For a discussion of this controversy see Chapter Two,
section 5 and Chapter Five, section 3.
105 The Dollar/Franc
procedure is applied.

rate
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holds

only

when

the

Fair

coefficient has the correct sign and is statistically
significant for the U.S. Dollar/French Franc, the U.S.
Dollar/Pound and the Pound/French Franc rates when estimated
using the instrumental variables and the U.S.
Dollar/Canadian Dollar when the model is estimated by the
least squares technique.106 Overall, only the U.S.
Dollar/French Franc and the U.S. Dollar/Canadian Dollar
rates when estimated respectively with the instrumental
variables and the least squares techniques show statistical
significance and theoretical consistency.

Among all of the

currencies tested, only the U.S. Dollar/French Franc and the
U.S. Dollar/Canadian Dollar exhibit consistent signs in
support of the flexible-price variation of the monetary
model of exchange rate determination.
The empirical results of the real interest rate
differential formulation of the monetary model are presented
in Table 6.8.

In addition to the hypotheses discussed

above, the maintained hypothesis here is that the
coefficient of the inflation differential is positive.

That

is, a higher relative expected inflation rate at home will
cause currency depreciation.

When compared with the nominal

interest rate differential monetary model, the real interest
rate differential formulation performs more poorly.

The

coefficient of inflation differential appears significant
106 The interest rate differential sign for the U.S.
Dollar/Canadian Dollar is positive when estimated by the
instrumental variable estimation technique.
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with correct sign only in the cases of U.S. Dollar/Yen and
the U.S. Dollar/Canadian Dollar.
In the remainder of this section, the empirical tests
of the modified nominal interest rate differential and the
real interest rate differential formulations of the monetary
models are presented and discussed.
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Tabl« 6.7
Monetary Model of Exchange Rate: Quarterly Data
Estimation
InS Dactrrique
<XRC
75:2-88:1
ln($/FF)
FAIR

C

ln(Y/Y*)

ln(M/rf)

(i-i*)

p

R?

-0.45
(1.92)

0.07
(0.21)

0.37
(0.36)

0.08** 0.98
(0.04)

0.96

-0.90
(0.16)

0.94*
(0.41)

-0.20**
(0.08)

0.27** 0.82
(0.13)

0.94

-0.70
(0.87)

-0.18
(0.14)

-0.16
(0.17)

0.04 0.94
(0.04)

0.94

FAIR

-4.77
(2.06)

-0.87
(0.36)

-0.54** •
(0.20)

0.21 0.90
(0.11)

1.79

a rc

-2.19
(1.42)

0.47*
(0.33)

0.18
(0.17)

0.05 0.92
(0.04)

0.91

0.54
(2.16)

1.04*
(0.52)

0.15
(0.27)

0.07 0.92
(0.05)

0.90

-1.91
(0.48)

-0.06*
(0.62)

-0.32**
(0.08)

0.02** 0.98
(0.01)

0.98

0.51
(2.02)

0.65*
(0.27)

0.53
(0.30)

-1.06** -(0.43)

0.20
(2.26)

0.17
(0.13)

0.32
(0.51)

-0.05 0.91
(0.05)

10.99
(3.43)

0.47
(0.18)

-2.38**
(0.80)

-0.20** -(0.08)

a rc
72:1-88:1

ln($/£)

72:1-88:1
1n($/¥)
FAIR

a rc
72:1-88:1
In($/C$)
INST

a rc
75:1-88:1
ln(£/FF)
INST

--

0.81
--

InS denotes the logarithm of exchange rate and p is the final value of the autocorrelation
coefficient. M and M"are the M l money supply for the U.S. and the foreign country; Y and Y*
are the real (1980=100) GDP for the U.S. ana the foreign country; iand i are the log of one
plus the short-run interest rates for the U.S. and Foreign country. CORC is iterative CochraneOrcutt technique for correcting first-order serial correlation. INST is the instrumental variable
technique and FAIR is the two-stage least square estimation procedure with first-order
autocorrelation correction. Instruments include, constant, time, time squared, lagged values of
dependent and independent variables, long-run inflation differential proxied by long-run interest
rate differential and the logarithmic change of the CPI. Standard errors are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95% confidence.
**5% level of significance.

157

Tabl* 6.8
Raal Intaraat rata Monetary Modal of Exchange Rata:
Quarterly Data.
Bstinaticn
IrS Technique C

(t -t )

lrt(M/rf)

ln(Y/Y*) (i-i*)

0.06
(0.21)

-0.42 0.08**
(0.35) (0.04)

-0.02 0.99 0.96
(0.04)

1.90*
(0.57)

-0.02 0.4^*
(0.10) (0.15)

-0.06 0.57 0.89
(0.06)

CCBC -0.82
72:1-68:1 (0.89)
ln<$/£)
FAIR -4.757
(2.03)

-0.19
(0.14)

-0.19 0.04
(0.17) (0.04)

0.29 0.94
(0.65)

0.94

-0.86
(0.35)

-0.54 0.19
(0.20) (0.11)

0.38 0.90
(0.84)

0.90

CCBC -2.14
72:1-88:1 (1.43)
ln($/¥)
FAIR 1.63
(2.45)

0.51*
(0.34)

0.16 0.04
(0.17) (0.04)

0.56 0.91
(0.51)

0.91

1.22*
(0.60)

0.12 0.05
(0.29) (0.05)

0.03** 0.93
(0.01)

0.90

CCBC -2.25
72:1-68:1 (1.13)
In($/C$)
FAIR 2.8
(1.04)

-0.05
(0.06)

-0.34**-0.02**
(0.08) (0.01)

0.01 0.99
(0.01)

0.98

0.46
(0.16)

0.67** 0.04
(0.19) (0.04)

0.08** 0.80
(0.02)

0.92

OCRC -0.75
75:1-88:1 (2.48)
ln(£/FF)
FAIR 2.15
(4.45)

0.26
(0.12)

0.25 -0.04
(0.52) (0.05)

-0.08** 0.82
(0.04)

0.82

0.58
(0.16)

-0.87 -0.11
(0.95) (0.06)

-0.15** 0.76
(0.04)

0.74

CCBC
0.78
75:2-88:1 (18.32)
ln($/FF)
FAIR -1.33
(0.60)

P

InS denotes the logarithm of exchange rate and p is the final value of the autocorrelation
coefficient. M and M"are the M l money supply for the U.S. and the foreign country; Y and Y*
are the real (1980= 100) GDP for the U.S. and the foreign country; i and i’ are the log of one
plus the short-run interest rates for the U.S. and Foreign country; T and T are the inflation
rates for the U.S. and the foreign country proxied by the logarithmic change of the CPI. CORC
is iterative Cochrane-Orcutt technique for correcting first-order serial correlation. INST is the
instrumental variable technique and FAIR is the two-stage least square estimation procedure
with first-order autocorrelation correction. Instruments include, constant, time, time squared,
lagged values of dependent and independent variables, long-run inflation differential proxied by
long-run interest rate differential and the logarithmic change of the CPI. Standard errors are in
parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** 5 % level of significance.
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To examine the effect of structural change on the
monetary models of exchange rate determination, the relative
internal price differential term has been added to the
model.

Table 6.9 shows the empirical findings of the

modified nominal interest rate differential monetary model.
In all cases except the U.S. Dollar/Canadian Dollar the null
hypothesis that the coefficient of the relative internal
price differential is statistically ze •> cannot be rejected.
However, in no case, the entire model conforms to the
maintained hypotheses with respect to the relative money
supply, the income and the interest rate differentials.

The

hypothesis that the relative money supply coefficient is
statistically equal to unity cannot be rejected in cases of
the U.S. Dollar/French Franc, the U.S. Dollar/Pound and the
U.S. Dollar/Yen when the Fair procedure is used and the U.S.
Dollar/Yen when the CORC procedure is applied.

The

coefficient of relative income differential changes sign and
is significant in the rates involving the U.S. Dollar/Pound,
U.S. Dollar/Canadian Dollar and Pound/French Franc.

The

coefficient of the interest rate differential is significant
only in the cases involving the U.S. Dollar/French Franc and
the U.S. Dollar/Pound rates and is positive in three out of
five rates which lend only marginal support to the stickyprice postulates of the monetary model.

Based on the

results shown in Table 6.9 it can reasonably be concluded
that the relative internal price ratio may be dropped from
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the model without any notable effect on the overall
performance of the modified original monetary model.
Finally Table 6.10 is devoted to the results of the
real interest rate differential model, modified to
incorporate the effect of structural change on the exchange
rate movements.

Overall, the results are similar to the

nominal interest rate differential monetary model.

In all

cases except the U.S. Dollar/Canadian Dollar rate, the null
hypothesis that the coefficient of relative internal price
differential is statistically insignificant cannot be
rejected.

The maintained hypothesis that the relative money

supply coefficient is equal to unity cannot be rejected in
the U.S. Dollar/Pound and the U.S. Dollar/Yen when corrected
for the first-order autocorrelation problem by the Fair
procedure and the U.S. Dollar/Yen rate when the CORC
procedure is applied.

The relative income coefficient has

correct sign and is significant only in the case of the U.S.
Dollar/Canadian Dollar when CORC procedure is applied.

The

interest rate differential does not exhibit consistency in
sign and is significant only in the case of the U.S.
Dollar/French Franc when the instrumental variables
technique is used.

The inflation expectation differential

is significant with correct expected sign only for the
Pound/French Franc rate.
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Tabla 6.9
Monetary Modal* of Exchange Rata with Ralativa Intarnal
Prica Differential Effaot: Quarterly Data.
Ftetinaticn
InS ItecfTvique c

(M/rf)

(Y/Y*) (i-i*)

(PtA - ^ t/^n) P

F?

a xe -1.03
75:2-68:1 (1-17)
ln($/FF)
FAIR -0.44
(0.21)

0.06
(0.22)

-0.31 0.08*
(0.34) (0.04)

-0.10** 0.97
(1-43)

0.96

2.79*
(1-16)

0.15 0.54
(0.25) (0.34)

2.76T 0.40
(3.46)

0.83

0.94
(0.88)

0.21
(0.14)

0.20 -0.04
(0.16) (0.04)

0.29** 0.94
(0.27)

0.93

6.74
(2.61)

1.1^
(0.45)

0.79^ -0.27*
(0.27) (0.12)

1.19** 0.90
(0.66)

0.85

arc
-2.15
72:1-68:1 (1.44)
In($/V)
FAIR
0.50
(2.35)

0.47*
(0.33)

0.19 0.04
(0.17) (0.04)

0.14** 0.92
(0.45)

0.91

1.07*
(0.58)

0.11 0.09
(0.25) (0.06)

0.73** 0.91
(0.58)

0.89

a x e -1.86
72:1-88:1 (0.46)
ln($/C$)
FAIR -3.20
(1.15)

-0.12
(0.06)

-0.33* 0.01
(0.08) (0.01)

0.26 0.98
(0.10)

0.98

-0.08
(0.17)

-0.61* 0.01
(0.21) (0.02)

0.39 0.97
(0.19)

0.98

0.48
(2.28)

0.15
(0.13)

0.27 -0.06
(0.51) (0.05)

-0.27** 0.89
(0.33)

0.81

12.45
(4.33)

0.23
(0.18)

-2.49* -0.13
(1.05) (0.12)

-0.57** 0.57
(0.45)

0.71

a CPC

72:1-88:1
ln($/£)
FAIR

axe
75:1-88:1
ln(£/FF)
FAIR

InS denotes the logarithm of exchange rate and p is the final value of the autocorrelation
coefficient. M and M* are the log of Ml money supply for the U.S. and the foreign country; Y
and Y* are the log of real (1980= 100) GDP for the U.S. and the foreign country; i and i'a re the
log of one plus the short-run interest rates for the U.S. and Foreign country; T and T are the
inflation rates for die U.S. and the foreign country proxied by the logarithmic change of the CPI.
(PT/PN) and P*T/P 'N are the relative internal divisia price indices for the U.S. and the foreign
country. CORC is iterative Cochrane-Orcutt technique for correcting first-order serial correlation.
INST is the instrumental variable technique and FAIR is the two-stage least square estimation
procedure with first-order autocorrelation correction. Instruments include, constant, time, time
squared, lagged values of dependent and independent variables, long-run inflation differential
proxied by long-run interest rate differential and the logarithmic change of the CPI. Standard
errors are in parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
ti 5 % level of significance.

161

Tabl* 6.10
Raal Intaraat Rata Monatarv Modal of Exchange Rata with
Relative Intarnal Prioa Dirfarantial Effact: Quartarly Data
BstiBBticn
InS Technique C

(M/rf)

(Y/Y*)

(i-i*) (*-Y) (Pr/H,-^^)

arc -1.352 0.076 -0.318 0.083 -0.028
75:2-88:1 (1.123) (0.222) (0.332) (0.045) (0.045)
ln($/FF)
INST -0.108 3.664 0.358* 0.309? 0.018
(0.592) (0.144) (0.140) (0.084)

p

R?

-1.461** 0.972 0.964
(1.451)
5.82^*
(3.369)

--

0.797

arc 0.992 0.230 0.198 -0.037 0.174 0.291** 0.939
72:1-88:1 (0.925) (0.151) (0.186) (0.042) (0.304) (0.281)

0.929

In($/£)
FAIR 5.182

0.888

0.907* 0.626 -0.147 0.163 0.999** 0.925
(0.368) (0.502) (0.141) (0.778) (0.665)

arc -1.832 0.495T 0.185 0.038 0.024
72:1-88:1 (1.548) (0.351) (0.215) (0.044) (0.021)
ln($/¥)
FAIR 0.741 1.02^* 0.298 0.081 -0.029
(0.763) (0.391) (0.073) (0.043)
arc -2.064 -0.099 -0.351* 0.014 0.009
72:1-88:1 (0.616) (0.065) (0.0695 (0.011) (0.010)
ln($/C$)
FAIR 6.018 -0.125 1.27^ -0.045 -0.008
(0.371) (0.496) (0.091) (0.061)

a r c -0.226 0.224
75:1-88:1 (2.568) (0.127)
ln(£/FF)
FAIR 4.875 0.341
(0.199)

-0.108** 0.921
(0.525)

0.905

0.557** 0.936
(0.957)

0.887

0.242
(0.104)

0.985

0.986

1.473
(0.090)

0.722

0.870

0.167 -0.053 -0.079? -0.374** 0.764
(0.531) (0.053)(0.037) (0.335)

0.821

-1.089 -0.108 -0.079 -0.353** 0.721
(0.923) (0.084)(0.064) (0.402)

0.779

InS denotes the logarithm of exchange rate and p is the final value of the autocorrelation
coefficient. M and M’ are the M l money supply for the U.S. and the foreign country; Y and Y*
are the real (1980=100) GDP for the U.S. and the foreign country; i and i are the log of one
plus the short-run interest rates for the U.S. and Foreign country; T and T are the inflation
rates for the U.S. and the foreign country proxied by die logarithmic change of the CPI; (PT/PN)
and P*T/P’N are the internal relative Divisia Price indices for the U.S. and the foreign country.
CORC is iterative Cochrane-Orcutt technique for correcting first-order serial correlation. INST is
the instrumental variable technique and FAIR is the two-stage least square estimation procedure
with first-order autocorrelation correction. Instruments include, constant, time, time squared,
lagged values of dependent and independent variables, long-run inflation differential proxied by
long-run interest rate differential and the logarithmic change of the CPI. Standard errors are in
parentheses.
* Cannot reject the null hypothesis that the coefficient is 1 with 95 % confidence.
** Cannot reject the null hypothesis that the coefficient is zero with 95 % confidence.
# 5 % level of significance.
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To summarize, it is clear that the empirical support
for the purchasing power parity theory of exchange rate
determination is stronger when the sectoral price
formulation is adopted.

In addition, models perform more

successfully when formulated in the first-difference form,
suggesting a stepwise process of the exchange rate
adjustment in the long-run.

Compared with the conventional

purchasing power parity models, the monetary approach to the
exchange rate determination fairs more poorly both in the
original and the modified variations.

The empirical

evidence suggests that the structural change captured by the
relative internal sectoral prices does not statistically
influence the performance of the models tested.
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CHAPTER 7
CONCLUSIONS AND FUTURE WORK
In this thesis, the purchasing power parity theory of
exchange rate determination has been reexamined.

In recent

years, the purchasing power parity has been the subject of
numerous empirical queries and not all have produced
supportive results.

This dissertation is distinguishable

for its use of a unique set of sectoral price indices based
on the results of a project conducted by the Organization
for Economic Cooperation and Development (OECD) and European
Statistical Office (EUROSTAT) in 1980.

In this respect, the

OECD-EUROSTAT study was aimed at deriving the conversion
factors that are based on the actual purchasing power parity
of currencies surveys in eighteen countries.

The price-

level differences across countries implies that the widely
compared national income statistics converted by exchange
rates are not meaningful.

This is particularly the case for

countries with large income differential as suggested by
Kravis, Heston and Summers (1978) and Kravis and Lipsey
(1990).

According to the purchasing power parity concept,

the exchange rate is said to be in equilibrium, when after
applying the conversion factor, a given sum of money would
purchase the same bundle of goods and services in each
country.

This condition rarely holds in reality except

where currency black markets are in operation.

One area of controversy in the empirical inquiry of the
purchasing power parity theory concerns the use of
appropriate price indices.

The availability and selection

of price index that will make verification of the PPP valid
becomes more acute, particularly in periods of drastic price
level changes.

Typical problems common with the

conventional price indices such as the Gross Domestic
Product deflator, the Wholesale Price Index and the Consumer
Price Index include product differentiation and the
aggregation methods practiced in each country.

These

problems are further exacerbated by the varying degrees of
government participation in price setting and expenditure
subsidies in different countries.

Moreover, the presence of

nontraded-goods items such as services and construction
activities in the national income accounts introduces an
additional tangle into the purchasing power parity studies.
To use internationally comparable price indices in
testing the purchasing power parity, in this thesis, the
economy of each country was divided into two sectors: the
traded-goods or exposed sector and the nontraded-goods or
sheltered sector for which consistent quarterly expenditure
data are available.

Employing the results of the 1980 OECD-

EUROSTAT study on PPP, composite sectoral and the total
economy PPPs for major expenditure categories were
constructed.

For each country a uniform sectoral quarterly

divisia price indices were created that take into account
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both the product homogeneity and the aggregation concerns.
Using the 1980 PPPs, a unique set of consistent time-series
PPPs were built.

The resulting quarterly data covers the

period from the first quarter of 1972 to the second quarter
of 1988.

The only exceptions is the constructed PPPs

involving the French Franc, for which the starting date is
the first quarter of 1985.

Moreover, to circumvent the

problem of endogeniety of prices and exchange rate, in
addition to the least squares, the instrumental variables
estimation technique was applied to all models.

In an

attempt to verify the empirical superiority of the tradablegoods over the aggregate price approach, all the purchasing
power parity-based models were tested using both sets of
prices.

In the final analysis, it became evident that the

tradable-goods price models perform considerably better than
the models using the aggregate price indices.

Following the

tradition in empirical studies involving time series, all
models were also estimated in the first-difference form.
The coefficient of the relative prices was found to be
statistically equal to unity in all cases of the tradedgoods models.

This is compared with the aggregate price

approach in which less than half of the exchange rates
satisfied the maintained hypotheses with respect to the
relative price coefficient.
One argument often advanced as an explanation for the
failure of the purchasing power parity is the change in the
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terms of trade induced by real shocks.

This position is

based on the premise that domestic and foreign goods are
imperfect substitutes.

Therefore, any real shock that

affect the relative internal prices will subsegoently affect
the exchange rate.

To investigate the impact of structural

change, the original PPP models were modified to incorporate
the relative internal price changes measured by the tradedgoods and the nontraded-goods prices developed in this
thesis.

In majority of cases, rejection of the null

hypothesis that the coefficient of the relative internal
price differential is zero was not possible.

This finding

led to the conclusion that in the long-run, either the
purchasing power parity is essentially a monetary
phenomenon.

The results are similar when the modified

purchasing power parity models were tested in the change
form.
To be thorough, the monetary models of exchange rate
were also re-estimated.

The interest arises from the

controversy over the nature of the adjustment process of
prices in the goods market, following a monetary shock.

The

flexible-price models assume perfect substitutability of
goods internationally and hence, an instantaneous price
adjustment after a monetary impetus.

The proponents of the

fixed-price model hypothesize just the opposite, with an
adaptive price adjustment process leading to the 'over
shooting' condition.

In this context, the original and the
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real interest rate differential monetary models were tested.
It was determined that the sign of the interest rate
coefficient is unstable and only marginally lends support to
the sticky-price formulation.
Once again, as in the case of the pure purchasing power
parity model, the monetary models were re-estimated by
incorporating the relative internal price differential term.
Like the earlier cases, the coefficient of the relative
internal price differential is mostly insignificant, except
for the U.S. Dollar/Canadian Dollar in the original and the
real interest rate differential models.

Based on these

findings it was not possible to reject the null hypothesis
that the structural change has no effect on the performance
of the monetary model of exchange rate determination.
Notably absent in this dissertation is the U.S.
Dollar/Mark rate.

Unfortunately, comparable guarterly

expenditure data for the Federal Republic of Germany is
compiled by neither the OECD nor the German Statistical
Office.

Currently available date on the German national

income accounts consists of price indices that are only
marginally similar to the U.S. data in expenditure
categories.

Constructing German price indices similar to

the U.S. and other countries covered in this dissertation in
expenditure composition would be a rewarding project in
testing the U.S. Dollar/Mark.
the scope of this thesis.

However, this task is beyond

In the advent of the European
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economic integration in the early 1990s, an alternative
future research in testing the purchasing power parity may
focus on the link between the European Currency Unit (ECU)
and a composite index of the U.S. and Canadian Dollar.
Moreover, forthcoming German unification is expected to
create a European economic powerhouse that may promote the
Mark as the main continental currency.

This would raise the

opportunity of testing the purchasing power parity involving
the European Currency Unit (ECU) and the Mark.

Similarly,

increasing financial and economic links between Japan and
the Far Eastern economic successes warrants parallel studies
between the Yen and a composite index of the Pacific basin
currencies.

169

APPENDIX A
DIVI8IA INDEX
Briefly the Divisia Index numbers are generated as
follow:

Let pj and q f be the price and quantity of good

i(i=l...N) and w f=pjqj/E, the expenditure share where
E=E"j,1p)q i and let w^ be the arithmetic average of the
weights at t and t-1.

Given the above, the Divisia Index

number is specified as the sum of the log change of the
weighted prices, that is

DPt

= J?ui w V

(logpit - logpi,.,)

The equation above is the cumulated weighted sum of the
rates of change of the component prices overtime.

Assuming

that the price change is made up of a systematic part and a
random error component,

DPft = art + eit

where at is a common trend to all prices, such as a monetary
expansion and eit captures all other forces that affect the
individual commodity price.

Because the expenditure shares

of each good varies, the variance of the error term (e,-) is
expected to be inversely proportional to the average weight
(w,) i.e.

var €j = a1/w(

This simply means that the random component of the price of
a good is smaller, the more important that good is in the
total budget.

By grouping the commodities, the Divisia

Index has the advantage of making the error variance
inversely proportional to the number of observations in each
group.

Furthermore, the Divisia Index numbers are chained

Paasche and Fisher indices.1

1 For further references to the Divisia Index numbers see
Theil 1978, pp. 219-224, and Hill 1988, pp. 123-148 and
Clements and Izan (1981).
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APPKMDIX B

DATA SOUXCXS AMD DXPXMITIOMB
Vt8. gERieg;
Income: Real Gross Domestic Product (GDP), OECD Quarterly
National Accounts. 1982=100. Various issues.
Long-term interest rate: Government Bond Yield. IFS, line
61. Various issues.
Short-term interest rate: Treasury Bill Rate. IFS, line 60c.
Various issues
Money: Money Supply Ml. IFS, line 34.
Inflation: Twelve-month moving average of the Consumer Price
Index. OECD Quarterly National Accounts. Various
issues.
Sectoral Expenditures: OECD Quarterly National Accounts.
Tables la, lb, 5a, 5b, 7a, 7b. Rebased from 1982-100
to 1980=100. Various issues.

CANADA 8 BRIE81
Income: Real Gross Domestic Product (GDP), OECD Quarterly
National Accounts. 1981=100. Various issues.
Long-term interest rate: Government Bond Yield. IFS, line
61.
Short-term interest rate: Treasury Bill Rate. IFS, line 60c.
Money: Money Supply Ml. IFS, line 34.
Inflation: Twelve-month moving average of the Consumer Price
Index. OECD Quarterly Naticnal Accounts.
Various
issues.
Sectoral Expenditure: Canadian Statistics (CANSIM). Tables
006727, 006728, 006722, 006723. Rebased from 1981=100
to 1980=100.
Exchange rate: End of period average of $/C. $. IFS, line
rf.

TRANCE SERIESI
Incone: Real Gross Domestic Product (GDP), OECD Quarterly
National Accounts. 1980-100. Various issues.
Long-term interest rate: Interbank Money rate. IFS, line
60bc.
Short-term interest rate: Government Bond Yield. IFS, line
61.
Money: Money Supply Ml. IFS, line 34.b.
Inflation: Twelve-month moving average of the Consumer Price
Index. OECD Quarterly National Accounts. Various
issues.
Sectoral Expenditures: OECD Quarterly National Accounts.
Tables la, lb, 5a, 5b, 7a, 7b. Various issues.
Exchange rate: End of period average of $/Franc. IFS, line
rf.
UNITED KINGDOM SERIES:
Income: Real Gross Domestic Product (GDP), OECD Quarterly
National Accounts. 1980-100. Various issues.
Long-term interest rate: Government Bond Yield.
61.
Short-term interest rate: Treasury Bill Rate.
60c.

IFS, line
IFS, line

Money: Money Supply Ml. IFS, line 34.
Inflation: Twelve-month moving average of the Consumer Price
Index. OECD Quarterly National Accounts. Various
issues.
Sectoral Expenditures: OECD Quarterly National Accounts.
Tables la, lb, 5a, 5b, 7a, 7b. Various issues.
Exchange rate: End of period average of $/Pound. IFS, line
rf.
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JAPAN SERIES:
Income: Real Gross Domestic Product (GDP), OECD Quarterly
National Accounts. 1980-100. Various issues.
Long-term interest rate: Private Bill Rate. IFS, line 60bs.
Short-term interest rate: Government Bond Rate. IFS, line
61.
Money: Money Supply Ml. IFS, line 34.
Inflation: Twelve-month moving average of the Consumer Price
Index. OECD Quarterly National Accounts. Various
issues.
Sectoral Expenditures: OECD Quarterly National Accounts.
Tables la, lb, 5a, 5b, 7a, 7b. Various issues.
Exchange rate: End of period average of $/Yen. IFS, line
rf.
U.K.-FRANCE SERIES8
Exchange rate: Dollar-cross Pound/Franc rate.
All other series are from each individual country data
above.
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APPENDIX c
COMPUTED TOTAL ECONOMY AMD SECTORAL DIVISIA PRICE INDICES
Table Cl
U. 8.
YEAR.QTR
1972.1
1972.2
1972.3
1972.4
1973.1
1973.2
1973.3
1973.4
1974.1
1974.2
1974.3
1974.4
1975.1
1975.2
1975.3
1975.4
1976.1
1976.2
1976.3
1976.4
1977.1
1977.2
1977.3
1977.4
1978.1
1978.2
1978.3
1978.4
1979.1
1979.2
1979.3
1979.4
1980.1
1980.2
1980.3
1980.4
1981.1
1981.2

TOTAL
ECONOMY

EXPOSED
SECTOR

0.59217
0.54058
0.54511
0.59492
0.59976
0.55122
0.55768
0.60513
0.56548
0.61563
0.57655
0.63073
0.58808
0.64448
0.60088
0.65784
0.67586
0.61692
0.63297
0.69106
0.65322
0.71074
0.67109
0.73355
0.68506
0.74745
0.69567
0.75727
0.70989
0.77239
0.72251
0.78281
0.72732
0.78934
0.74108
0.79504
0.75131
0.80336
0.76359
0.81116
0.77689
0.82000
0.79264
0.83157
0.80353
0.84251
0.81911
0.85371
0.83085
0.86678
0.84988
0.89038
0.86686
0.90549
0.88506
0.91985
0.93980
0.90333
0.95557
0.92508
0.94866
0.96743
0.97280
0.98301
1.0000
1.0000
1.0252
1.0183
1.0482
1.0452
1.0761
1.0686
1.1021
1.0895
1.1048
1.1214
(continued)

SHELTERED
SECTOR
0.51936
0.52456
0.53113
0.53800
0.54473
0.55420
0.56483
0.57739
0.59263
0.60900
0.62946
0.64533
0.65931
0.67022
0.68405
3.69752
0.70165
0.71856
0.72953
0.74359
0.75868
0.77613
0.78697
0.80434
0.81552
0.83266
0.85040
0.87018
0.88774
0.91202
0.94059
0.96839
1.0000
1.0282
1.0495
1.0793
1.1076
1.1285

YEAR.QTR
1981.3
1981.4
1982.1
1982.2
1982.3
1982.4
1983.1
1983.2
1983.3
1983.4
1984.1
1984.2
1984.3
1984.4
1985.1
1985.2
1985.3
1985.4
1986.1
1986.2
1986.3
1986.4
1987.1
1987.2
1987.3
1987.4
1988.1
1988.2

TOTAL
ECONOMY
1. 1435
1. 1656
1. 1819
1. 1937
1. 2099
1. 2211
1. 2291
1. 2384
1. 2479
1. 2611
1. 2670
1. 2818
1. 2911
1. 3002
1. 3089
1. 3184
1. 3258
1. 3251
1. 3290
1. 3331
1. 3431
1. 3478
1. 3638
1. 3784
1. 3886
1. 3984
1. 4094
1. 4208

EXPOSSO SHELTERED
SECTOR
SECTOR
1.1230
1.1372
1.1539
1.1668
1.1743
1.1793
1.1795
1.1862
1.1864
1.2017
1.2045
1.2041
1.2092
1.2123
1.2129
1.2135
1.2169
1.1778
1.1778
1.1804
1.1877
1.1900
1.1910
1.1934
1.1889
1.1918
1.1908
1.1954

1.1523
1.1778
1.1939
1.2052
1.2252
1.2389
1.2503
1.2606
1.2740
1.2863
1.2935
1.3149
1.3260
1.3377
1.3499
1.3633
1.3725
1.3886
1.3943
1.3990
1.4103
1.4160
1.4388
1.4590
1.4760
1.4889
1.5054
1.5201

Table C2
CANADA
YEAR.QTR
1972.1
1972.2
1972.3
1972.4
1973.1
1973.2
1973.3
1973.4
1974.1
1974.2
1974.3
1974.4
1975.1
1975.2
1975.3
1975.4
1976.1
1976.2
1976.3
1976.4
1977.1
1977.2
1977.3
1977.4
1978.1
1978.2
1978.3
1978.4
1979.1
1979.2
1979.3
1979.4
1980.1
1980.2
1980.3
1980.4
1981.1
1981.2
1981.3
1981.4
1982.1

TOTAL
ECOMOMY

EXPOSED
8ECTOR

0.50476
0.54872
0.51284
0.55059
0.52337
0.56123
0.52302
0.56857
0.52888
0.58052
0.54621
0.59493
0.55563
0.60971
0.57284
0.62455
0.58925
0.64364
0.61875
0.66459
0.63687
0.68468
0.67731
0.71182
0.67693
0.72335
0.69129
0.73740
0.70464
0.75524
0.70486
0.76711
0.74285
0.77025
0.74936
0.77338
0.76683
0.77615
0.77883
0.78361
0.79344
0.80710
0.81071
0.82335
0.82997
0.83616
0.83632
0.85454
0.84879
0.86938
0.86116
0.88168
0.87980
0.90253
0.90690
0.92060
0.92156
0.95277
0.92629
0.97140
0.95953
0.98317
0.98160
0.99670
1.0000
1.0000
1.0287
1.0048
1.0478
1.0185
1.0823
1.0394
1.1061
1.0613
1.1529
1.0709
1.1985
1.0934
1.2266
1.1068
1.2785
1.1320
(Continued)
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SHELTERED
SECTOR
0.49216
0.50197
0.51246
0.51000
0.51419
0.53233
0.54023
0.55812
0.57376
0.60574
0.62330
0.66760
0.66376
0.67822
0.69029
0.68729
0.73485
0.74231
0.76392
0.77721
0.78933
0.80687
0.82787
0.83095
0.84278
0.85515
0.87319
0.90278
0.91254
0.91340
0.95268
0.97721
1.0000
1.0358
1.0564
1.0950
1.1194
1.1778
1.2305
1.2632
1.3234

YEAR.QTR

TOTAL
ECONOMY

EXPOSED
SECTOR

1982.2
1982.3
1982.4
1983.1
1983.2
1983.3
1983.4
1984.1
1984.2
1984.3
1984.4
1985.1
1985.2
1985.3
1985.4
1986.1
1986.2
1986.3
1986.4
1987.1
1987.2
1987.3
1987.4
1988.1
1988.2

1.3053
1.3300
1.3508
1.3573
1.3688
1.3396
1.3633
1.3705
1.3697
1.3929
1.3957
1.3960
1.3949
1.4135
1.4189
1.4353
1.4653
1.4756
1.5042
1.5101
1.5273
1.5294
1.5480
1.5734
1.5818

1.1560
1.1709
1.1752
1.1731
1.1794
1.1815
1.1907
1.2043
1.2088
1.2149
1.2173
1.2231
1.2290
1.2296
1.2355
1.2477
1.2482
1.2602
1.2611
1.2668
1.2625
1.2629
1.2644
1.2578
1.2561

178

SHELTERED
SECTOR
1.3510
1.3788
1.4044
1.4136
1.4265
1.3883
1.4163
1.4216
1.4193
1.4475
1.4504
1.4491
1.4460
1.4699
1.4751
1.4927
1.5313
1.5412
1.5780
1.5840
1.6076
1.6103
1.6341
1.6694
1.6810

Table C3
JAPXV
YEAR.QTR
1972.1
1972.2
1972.3
1972.4
1973.1
1973.2
1973.3
1973.4
1974.1
1974.2
1974.3
1974.4
1975.1
1975.2
1975.3
1975.4
1976.1
1976.2
1976.3
1976.4
1977.1
1977.2
1977.3
1977.4
1978.1
1978.2
1978.3
1978.4
1979.1
1979.2
1979.3
1979.4
1980.1
1980.2
1980.3
1980.4
1981.1
1981.2
1981.3
1981.4
1982.1

TOTAL
ECOMOMY
0.50259
0.51348
0.52237
0.52964
0.54124
0.56148
0.58112
0.60937
0.65097
0.68695
0.70998
0.74550
0.75154
0.76432
0.77621
0.79426
0.80678
0.82839
0.84327
0.85433
0.87175
0.88596
0.89573
0.90332
0.91267
0.92338
0.93458
0.93285
0.94069
0.95664
0.97127
0.98188
1.0000
1.0250
1.0403
1.0493
1.0566
1.0611
1.0691
1.0775
1.0852
(Continued)
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BZPOSBD
8ECTOR

SHELTERED
SECTOR

0.51948
0.52840
0.53624
0.54182
0.55731
0.58576
0.60832
0.64343
0.71472
0.74929
0.77401
0.79125
0.79614
0.80583
0.81974
0.83295
0.84799
0.86236
0.87714
0.88584
0.89829
0.90985
0.91731
0.92062
0.92298
0.93057
0.94328
0.93853
0.94473
0.95768
0.97194
0.98473
1.0000
1.0217
1.0384
1.0450
1.0503
1.0551
1.0573
1.0630
1.0624

0.49248
0.50505
0.51487
0.52366
0.53206
0.54584
0.56323
0.58578
0.60308
0.64029
0.66206
0.71258
0.71953
0.73461
0.74502
0.76681
0.77749
0.80422
0.81919
0.83208
0.85315
0.86920
0.88061
0.89134
0.90557
0.91834
0.92853
0.92896
0.93797
0.95595
0.97083
0.97985
1.0000
1.0272
1.0416
1.0525
1.0611
1.0654
1.0775
1.0878
1.1014

YEAR.QTR

TOTAL
ECONOMY

EXPOSED
SECTOR

1982.2
1982.3
1982.4
1983.1
1983.2
1983.3
1983.4
1984.1
1984.2
1984.3
1984.4
1985.1
1985.2
1985.3
1985.4
1986.1
1986.2
1986.3
1986.4
1987.1

1.0886
1.0952
1.0927
1.1037
1.1033
1.1067
1.1091
1.1164
1.1114
1.1267
1.1332
1.1396
1.1415
1.1447
1.1494
1.1523
1.1497
1.1415
1.1319
1.1387

1.0614
1.0672
1.0681
1.0701
1.0739
1.0761
1.0792
1.0845
1.0828
1.0913
1.0911
1.0914
1.0933
1.0949
1.0944
1.0903
1.0884
1.0731
1.0801
1.0692
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SHELTERED
SECTOR
1.1078
1.1150
1.1102
1.1275
1.1242
1.1283
1.1303
1.1389
1.1317
1.1518
1.1632
1.1740
1.1758
1.1802
1.1891
1.1972
1.1941
1.1911
1.1691
1.1885

Table cs
IRAMCB
SAR.QTR

TOTAL
BCOMOMY

BXF08ED
8BCTOR

8HBLTER1
8BCTOR

1975.1
1975.2
1975.3
1975.4
1976.1
1976.2
1976.3
1976.4
1977.1
1977.2
1977.3
1977.4
1978.1
1978.2
1978.3
1978.4
1979.1
1979.2
1979.3
1979.4
1980.1
1980.2
1980.3
1980.4
1981.1
1981.2
1981.3
1981.4
1982.1
1982.2
1982.3
1982.4
1983.1
1983.2
1983.3
1983.4
1984.1
1984.2
1984.3
1984.4
1985.1

0.60657
0.63892
0.62020
0.65307
0.63418
0.66375
0.64868
0.67728
0.66603
0.69183
0.68563
0.70948
0.70368
0.72686
0.72349
0.747C
0.73599
0.75886
0.75667
0.78135
0.77349
0.79997
0.78919
0.81539
0.80219
0.82800
0.82382
0.84736
0.84736
0.86596
0.86850
0.88757
0.88439
0.90363
0.90784
0.92764
0.93773
0.94981
0.96549
0.97563
1.0000
1.0000
1.0329
1.0283
1.0635
1.0568
1.0905
1.0856
1.1226
1.1145
1.1560
1.1507
1.1987
1.1880
1.2416
1.2277
1.2784
1.2681
1.3173
1.3096
1.3346
1.3237
1.3579
1.3483
1.3948
1.3839
1.4345
1.4222
1.4653
1.4552
1.4925
1.4901
1.5222
1.5131
1.5463
1.5415
1.5696
1.5630
1.5840
1.5891
1.6105
1.6037
(Continued)

0.59043
0.60380
0.61947
0.63449
0.65330
0.67393
0.69233
0.71197
0.72483
0.74460
0.76051
0.77636
0.78956
0.81230
0.83827
0.85918
0.87498
0.89817
0.93180
0.96051
1.0000
1.0351
1.0669
1.0929
1.1266
1.1586
1.2038
1.2483
1.2834
1.3211
1.3399
1.3626
1.4001
1.4405
1.4703
1.4939
1.5267
1.5489
1.5729
1.5918
1.6139

181

YEAR.QTR

TOTAL
ECONOMY

EXPOSED
SECTOR

1985.2
1985.3
1985.4
1986.1
1986.2
1986.3
1986.4
1987.1
1987.2
1987.3
1987.4
1988.1
1988.2

1.6325
1.6515
1.6637
1.6767
1.6828
1.6912
1.6988
1.7128
1.7273
1.7367
1.7471
1.7546
1.7687

1.6267
1.6461
1.6643
1.6798
1.6977
1.7106
1.7196
1.7311
1.7405
1.7452
1.7550
1.7643
1.7780

182

SHELTERED
SECTOR
1.6355
1.6543
1.6638
1.6757
1.6764
1.6826
1.6897
1.7047
1.7216
1.7330
1.7437
1.7504
1.7647

Table C4
U. X.
IAR.QTR
1972.1
1972.2
1972.3
1972.4
1973.1
1973.2
1973.3
1973.4
1974.1
1974.2
1974.3
1974.4
1975.1
1975.2
1975.3
1975.4
1976.1
1976.2
1976.3
1976.4
1977.1
1977.2
1977.3
1977.4
1978.1
1978.2
1978.3
1978.4
1979.1
1979.2
1979.3
1979.4
1980.1
1980.2
1980.3
1980.4
1981.1
1981.2
1981.3
1981.4
1982.1

TOTAL
BCOMOMY
0.31862
0.33499
0.34382
0.35347
0.35325
0.36975
0.38221
0.39899
0.40311
0.43158
0.45889
0.48384
0.50537
0.54421
0.57736
0.59402
0.60575
0.62916
0.65320
0.67564
0.69216
0.71986
0.74268
0.75344
0.76279
0.78683
0.81216
0.83223
0.84126
0.87574
0.94312
0.97700
1.0000
1.0562
1.1085
1.1397
1.1365
1.1870
1.2330
1.2460
1.2417
(Continued)
183

BXV08ED
8BCTOR

SHELTERED
SECTOR

0.35958
0.37000
0.37325
0.37703
0.38833
0.39971
0.40464
0.41628
0.43374
0.45810
0.47443
0.49386
0.52457
0.56238
0.59237
0.60237
0.63001
0.64827
0.67094
0.69347
0.73907
0.76257
0.78583
0.78186
0.80581
0.83146
0.84519
0.84594
0.87380
0.90597
0.94805
0.96606
1.0000
1.0474
1.0623
1.0832
1.0979
1.1371
1.1499
1.1806
1.1983

0.29942
0.31846
0.32980
0.34205
0.33654
0.35542
0.37137
0.39058
0.38840
0.41877
0.45121
0.47873
0.49597
0.53523
0.56977
0.58940
0.59399
0.61969
0.64434
0.66671
0.66989
0.69950
0.72209
0.73968
0.74221
0.76547
0.79628
0.82547
0.82558
0.86116
0.94069
0.98219
1.0000
1.0603
1.1300
1.1660
1.1547
1.2103
1.2710
1.2762
1.2623

YEAR.QTR

TOTAL
BCOMOKY

EXPOSED
SECTOR

1982.2
1982.3
1982.4
1983.1
1983.2
1983.3
1983.4
1984.1
1984.2
1984.3
1984.4
1985.1
1985.2
1985.3
1985.4
1986.1
1986.2
1986.3
1986.4
1987.1
1987.2
1987.3
1987.4
1988.1

1.2839
1.3153
1.3274
1.3192
1.3418
1.3829
1.3945
1.3725
1.4072
1.4514
1.4743
1.4516
1.4896
1.5263
1.5542
1.5257
1.5565
1.6012
1.6206
1.5829
1.6242
1.6803
1.6969
1.6491

1.2249
1.2222
1.2497
1.2549
1.2688
1.2858
1.3189
1.3202
1.3402
1.3534
1.3955
1.3840
1.4004
1.4207
1.4798
1.4548
1.4589
1.4816
1.5266
1.4998
1.5090
1.5266
1.5762
1.5494

184

SHELTERED
SECTOR
1.3113
1.3578
1.3631
1.3491
1.3756
1.4271
1.4294
1.3972
1.4384
1.4962
1.5106
1.4827
1.5306
1.5746
1.5887
1.5587
1.6012
1.6555
1.6638
1.6215
1.6766
1.7494
1.7519
1.6950
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